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4. RESULTS AND DISCUSSION

PART 1

EFFECT OF SOIL MOISTURE STRESS

%.1.1. Potato Growth :
4.1.1.1. Plant height :

Plant height of potato at different periods of its
growth in fall and summer plantation through the period of
study is presented in Table (5). Results clearly indicate
+hat the height of potato plant in summer plantation was
found to be greater than fall period. Such results can be
related to climatic conditions i.e. air temperature,solar ra—
diation and day length. Several repnrfs noted that long days,
17-21 hr favoured vegetative growth than short days 10-12 hr.

(El-Abed, 1979).

The height of potato plant jncreased by time from
planting up to the last sample. Soil moisture stress exhibits
a significant response O plant in the three tested periods
of growth. These results are similar in the two seasons as
well as in both plantations i.e. fall or summer. It can be
mentioned that as soil moisture stress increased plant height

significantly decreased.
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Maximum values of plant height were gained from
treatment irrigated at 0.3 bar followed by those plots
irrigated at 1.0 bar and the farmer practice. However, the
shortest plants were obtained from treatments irrigated at

high water deficit i.e. 1.3 bars and 50% modified Penman.

These results indicate that the growth of potato plants
is favoured by high soil moisture level and decreased by
prolonged irrigations. It is worthy to mention that the
height of potato plant ohserved from farmer practice is
similar to those cbtained from moderate watef stress. These
results may indicate that farmers water their fields at

maoderate soil moisture stress which may affect the plant

growth. . .

in this respect, Slatyer (1973}, pointed out that the
growth and development of plants depend upon continuance cell
éivisiun, the differentiation and enlargement of cells until
the characteristic form of the plant is realized. However,
Salter and Goode {(1967) concluded that cell division appears
less sencitive to water deficit than enlargement. It is
worthy to mention that the period from 50 up to BO days after
planting seemed to be the maximum stage in the increase in

plant height.
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4.1.1.2. Number of branches @

Number of branches for potato plant through its growth
cycle during the period of study 1S recorded in Table {&6).
Kesults indicate that number of branches / plant increased
gradually from planting till the last sample (80 days after
planting}. The period from emergence up to 50 days after
planting was found to be the maximum stage of branching as
more than 73% of total number of branches were formed through
such periocd. Fall plantation showed a higher number of
branches/plant compared with the summeyr cultivation. This
pattern can be related to climatic conditions. These fTindings
may prove that potato plant directed its growth in fall
plantation for producing shorter plants with higher number of

branches, while in sSummer the plants are taller with less

number of branches.

gtatistical analyses of variance showed that water
deficit had a significant effect upon number of
branches/plant. The maximum values of branches were produced
from the wet treatment with a significant difference between
it and the other irrigation treatments. However, the lowest
values were gained from prolonged irrgation intervels i.e.

modified Penman and 1.0 bars.

AN

The Farmer practice treatment and that irrigated at 1.0
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bar have intermediate values of number of branches/plant.
These results indicate that wet conditions enhanced the
growth of potato plant thereby increased its branches. On the
contrary, severe water deficit restricted the branching of
the plants. It can be mentioned that the effect of soil
moisture stress on number of branches/plant was found to be
ljess in iis effect on summer plantation compared with fall one ,
In this connection, Taha (1978), concluded that in vegetable
crops the growth of roots was less affected by water shortage

than aerial parts.

4.1.1.3.'Leaf area 3

Leaf areasplant during different periods of potato
growth in the two plantations as influenced by water deficit
is presented in Table (7). The percentage increase in total
leaf area/plant for the average of the two seasons is
illustrated in the same table. teaf area/plant increased
gradually from emergence to the last sampling date (80 days
after planting). This trend was found to be clear in Tall
plantation. However, in summer, a slight decrease in leaf
area was observed at the age of 80 days. Such decrease in
leaf area/plant. at this age,may be related to loss of some
leaves. It can be mentioned that the growth period in summer
is less than fall plantation. This means that the plants

start to mature earlier in summer plantation compared with




48

8T ST 6 9¢ e 9T (4% 8T €T %S 3e "d"g°1
00T L8 £9 6LLE BIZE VIEC bLLE €9TE 9661 €8LE CTLEE TELT uewusd POTITPOWKOS
00T 88 69 GETY OQE9E LEPT 6C6E S8ttt 0LOC TPEP GLBE £08¢ sxeq ¢°1
00T 68 9§ $20S T9%¥ P6LT 6005 98T¥ TZt¢ 6£09 GELP 997¢ Teq O°T
00T 06 SG L069 0619 99LE €30L 0869 6C%t TGL9 66ES E€0TV aq S0
001 c6 19 LTOS ¥#¢9% Ov0t £€96% BiIvy 188BC TLOS 08P 86TE - ®0T3dexd Isuwied
||||||||||||||||||||||||||||| uotjejueTd JTRI-—————=—————————— oo s -

TT £T 1T 81 oc 91 ST ic L1 %S 3e *d"s*f1
00T €01 ¥8 SP6E  LLOP TTEE Toee 180V V68C 886€ ZLO¥ B8ILE uewudd POTITPOWKOS
00T LOT L8 LL6E  TSTV 9VIE 0668 TGT¥ LZ6C £96€ TGEP G996t g8IRq G°T
00T SOt 6L 976G 9LLS T6E¥ 6069 009 LI6t EP1LS CESS  vo8d aeq O°T
001 01T L9 969 <CTISL 0£9¥ 6069 O0L9L 68V £869 £6S9L VL6V X Teq S°0
00T LOT LL 6856 ©S6S B6TF TGS 886G 6568 9655 616G LE9Y . @0T3Dead I9WIRd

|||||||||||||||||||||||||||| uocTjeiueTd ISUUAG~———— - — = —— e
08 S9 0¢ 08 59 0s 08 59 0s o8 g9 0%
e ~~butquetrd x93ze she@------—-r-—--—-- ————————— - 59 UPWIESIL,

95e3IDUT SATIRTIY

suosesas

oM

Jo uesan

1661-0661 uoseas

066T-6861T UOBE®§

sobe3s snoTiea

‘yamoab zo

3e ojejod Jo ANEUV eole JeaT UO S§E8I38 SINISTOWM TTOS JO 3IDBIIHA (L) 9Tded




49

fall one. It is worthy to mention that the gradual increase
in leaf area as the plant developed 1is mainly due to the
production of new ieaves as well as to the expansion of such

lpaves.

Regarding the role of water deficit on the values of
ieaf areas/plant, results jindicate that soil moisture stress
had a _significant effect on leaf areasplant. The wet
treatment (irrigated at 0.5 bar) had the highest values of
leaf area/plant followed by plants watered at 1.0 bar oOr
medium water stress. The difference between those water
levels were found to be significant. The lowest leaf
area/plant gained from severe water deficit or those plants
either irrigated at 1.3 bars spil moisture tension oOF the
treatment watered by estimated values of water consumption
from Penman method. It can be mentioned that leaf area/plant
gained from farmer practice are similar to that observed in
medium soil moisture level. Such results may prove that wet
conditions favoured the growth of plants i.e. the production
of new leaves and their expansion. It can be concluded that
potato grown well under wet soil moisture rather than medium
or dry conditions. The previous results are mainly due to the
effect of water deficit on the reduction of turger. Reduction
in turger causes reduction in cell enlargemént, which in turn

decreases leaf enlargement.
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In this conmection Kramer (1977) concluded that plants
subjected to water stress not only show a general reduction
in size but alsoc exhibit characteristic modifications in
structure particularly of the leaves. The samg author added

leaf area, cell size and interceliular volume are usually

decreased.

4,1.1.4. Dry matter accumulation 3

Dry matter accumulation in the various plant parts
during its growth cycle caﬁ be considered as indirect
measurment of physiological activities of these parts. Such

dry matter is a good expression of plant growth.

a) Dry matter of leaves 1

Dry matter of potatoc leaves throughout its growth
cycle in the two plantations during the period aof study as
affected by socil moisture stress is presented in Table (8).
The mean values of the two seasons as well as the percentage
increase are recorded in the same Table. Dry matter of potato
leaves started with lower values and increased gradually up
to the last 5ampling time. This trend was found to be clear

either in the two plantations as well as in the two seasons

of study. Such pattern is mainly due to the development uf

the plant and the formation of new leaves. It is worthy to

mention that the maximum period of dry matter accumulation by

that




51

6°v v ¢ vl G's 6% 1°C Z'L sz 0°¢ % 3 "a°s°1 m
00T 9L 94 062z T'61T 6°€l G°€Z 6°9T §°ST G*9z Z°TZ £°TT uewudd POTITPOWXOS |
00T L GS G§°9Z 9°61T L°¥T 6"%C L°LT 6°4T 0°8¢z %1t ¥P°€T gxeq ¢°T .
007 8L 186 L°TE 8'%C ¢°91 ¢l 20z CT°LT 2°9¢ ¥*6C C°ST ieq 0°T _
00T 69 6t G"EGS 0°LE 9°70C TS ¥P°€E G°0L 6°¢5 S0 9°0¢ Ieq $°0 !
00T 6L 4 PrEe €°9¢ t£°Lt £°0€ O°TZ 6°LT ¥°9¢ G°TE L°9T e0T3owad aawied

||||||||||||||||||||||||||||| uotyejueTd TTRd-——=———-—mmmm—m— e e

6°¢ T°Z g8°T Z'9 ¥t L°Z 1°¢ S°N 0°'t %S e *"d°"8°1 \
Co1 68 % ¢"ltz 6°BT 8°8 z°Te 6°91% 9°8 1°'TZ 6°07 68 Ueuwuad POTITPOWNOS
00T £06 1574 €°22 L°0Z 976 96T ¥°8T €£€°8 6°Z 0°tZ 6°0T gIxeq ST
00T 08 (0)74 8°6¢ 6°tZ 0°CT 20 6702 6717 ¥-62 8°9C 0°CT ded 0°T
00T ¥6 154 G°0E 8°8¢ T°ET L"0E €£€°62 6°TT €°0E £°8C G°tT aeq G°Q
00T 16 157 T*8¢ 6°6¢ GS°'T1 L*8¢ €S €711 G°LT 9°'SZ 9°T1 _moﬂuomnm Iawred !

|||||||||||||||||||||||||||| uoT3eljueTd JOUMNEG-w=mm—————— e — e
08 59 0s 08 GS 0% 08 59 0§ 08 99 0s
|||||||||||||||||| mmmm————=futjueTd I@3JE sheQ------m—-ssssTsosoT oo squsWIRS AL
% SUogseas oOomi
oSesIOUT SATIRTOY Jo uesn T66T-066T UOSea8  (0661-686T uUOSeSS

snoTtiea 3je saaea] ojejod uo_AEmv qybtem AIp uO £s59I3S SaNISTOU TTOSs JO I09IIFF :(8) STqeL m

*yamoab jo sebes



52

1eaves was from emergence up to 50 days in fall while 1in
summer it was from 30 to &0 days. In such periods more than
50% of total leaves dry matter was formed. The earlier period
cbserved in fall plantatiom compared with summer seasan can
be ascribed to low air temperature prevailing in the period
of emergence in Ssummer plantation. Also the period from
planting to full emergence in fall was found to be less than
summer. After these periods {50 days, in fall and 63 days in
summer) the dry matter is translocated from the donner
{leaves) to the storage organ i.e. tubers. Concerning the
effect of soil moisture stress on leaves dry matter of
potato plant during its growth cycle results showed that it
had a significant effect on such character.This significant
pffect was found to be clear in the three sampling periods
pither in fall or summer cultivations. Increasing water
deficit resulted in a significant reduction in dry matter
accumulation in leaves. Such pattern of findings may prove the
importance of maintaining soil moisture at a high 1level for

better growth of plants.

The highest dry matter content of leaves was scored from
the wet soil moisture treatment (0.5 bar) followed by the
medium or farmer practice. However, the 1lowest values of
leaves dry matter was produced from severe water deficit i.e.

1.5 bars of that estimated by Penman sethod.
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The previous results are in full agreement with those
reported by Ramadan {1979) who pointed ocut that dry matter
percentage tended to increase with higher spil moisture,

particularly in leaves.

Jeaferies and Mackerron (1989) concluded that the
reduction in dry matter accumulation in crops gQrown under
water stress was attributed primarly to lower interception of
radiation as a result of reduced leaf expansion and the
superession of branching. Parker (1968) pointed out that
ieaves are often the most csensitive part of the plant to
drought and at the same timg they are essential for the
process of food manufacture. Kramer (1977} concluded that the
most pervious effect of drought is to reduce photosynthetic
surface and the production of dry matter. The large decrease
in photosynthesis per uanit of leaf area which occurs in
plants subjected to water stress is usually attributed to

stomatal closure.

b} Stemsdry matter :

Stems dry matter of potato plant during different

—T S e - o

periods of growth 'is illustrated in ° . Table (9).

The mean values as well as the percentage increase

were ralculated and presented in Table (9). Results clearly

indicate that the values were low early in the season when
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plants are small and increased gradual
of the plants up to the last sampling

plantingl.

The grand period of dry matter ac

1y by the development

time (80 days after

cumulationin stem was

found to be from emergence up to 50 days as about a0%  of

total dry matter of stems is formed th

pattern is quite clear in both plantat

Regarding the role of soil moistu

results indicate that water deficit

rough such period. This

ions.

re on stems dry matter,

had a significant

response on stems dry weight. This trend was found to be true

in all plantations as well as in the t
The growth of stems was enhanced b

decreased by increasing water deficit.

wo seasons of study.
y wet conditions and

The results obtained

with stems are similar to those observed from leaves dry

matter. It can be concluded that frequent irrigation enhanced

the growth of p otato plant which wa

accumulation of dry matter in stems.

s r eflected on the

The maximum stem dry

matter was observed from ﬁﬁé,;tréatmentfi;rigai;d ;t10.5 bar -

Cther stresced treatments produced les

that depending on the water deficit. I

s stems dry matter and

n this respect, ¥Welfe

et al. (1982) pointed out that water stress reduced dry

matter production and attributed that

and ieaf area duration.

to reduced 1leaf area
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c) Tubers dry matter :
Tuber dry matter of potato plant during different

periods of plant growth is recorded in Table (10). The mean
values of the twoc seasons (in the two plantations) as well as
the relative increase wWere calrulated and presented in Table
(10). It can be mentioned that dry matter of tubers increased
gradually by time up to the end of the season. Such trend is
may. -be due to formation of new tubers as well as to the
increase in the storage of reserved food in tubers. The aboave
mentioned results indicate that the translocation of food

reserve continued till the last period ('ﬁal_féILQBZ) .

The highest proportion of dry matter accumulation in
tubers falls in the period from 50 up to B0 days after
planting. In such periods more than 60% of tubers dry matter

accumulated.

Regarding the role of snil moisture stress on tubers dry
matter, results cbtained are similar to those reported either
with leaves or stems dry matter. In other words, increasing
water deficit did result in decreasing the accumulation of
reserved food in tubers which w®ay be reflected on final
yield. The highest tubers dry weight was scpred from wet
treatment and the lowest values were gained frnn severe water

stress whereas other treatments falls in between.Such finding
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may prove that dry matter accumulation ie favoured by
aboundance of soil water and plant growth 1is inhibited under

er conditions.

In this respect, Levy (1985) concluded that drought
stress imposed at early stage of tuber growth had little
effect on dry matter, whereas stress imposed later, resulted

in significant losses of dry matter.

d) wWhole plant dry matter @

Total dry matter production by potato plant through -
put its growth cycle under the irrigation treatment is
presented in Table (11). The accumulation of dry matter by
potatc plant increased gradually from planting up to the iast
sample {80 days}. Such results are similar in both
plantations.S5oil moisture stress had a significant effect on
dry matter of whole plant. Decreasing water deficit or
frequent irrigation enhanced the accumulation of dry matter
and the reverse trend was found to be true. In other words,
prolonged irrigation intervals decreased such accumulation and
as soil moisture stress increased, a similar decrease in dry
matter of whole plant was cbserved previously with different
plant organs i.e. leaves, stems and tubers. These results
indicate the importance of water availability for potato

plant growth which can be detected from its dry matter
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accumulated in different period of its growth. In the light
the previous results, it can be concluded that the
availability of soil water is one of the cheif constrains oOn
the production of dry matter. Total photosynthesis is
determined by light, COz, water and nutrient supply, by the
growth stage of the plant which determines both
photosynthesis rate and the reinvestment rate and the
response of the plant to water deficit. Potato plant secmned

to grow well under wet conditions rather than dry Dnée-

4.1.2. Potato yield :
4.1.2.1. Tuber characters :

Some measurements of tubers were studies i.e. width,
length, ratioc between iength/width, number of _tubers/plant,
average tuber weight/plant, dry matter percentage, specific
weight and total socluble solids in samples collected from

final yield and recorded in Table (12).

a) Tuber length and width :

Results of length and width of potatoc tubers showed
that both measures were affected significantly by water
deficit. The highest values of either length or width of
tubhers were attained from treatments irrigated frequently

i.e. at 0.5, 1.0 bar or farmer practice without any signifi-

cant differences between them. However, other prolonged
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irrigation intervalis (1.5 bars ©OF 50% modified Penman
treatments) resulted in decreasing such values. Such decrease
in tuber length or width was found to be significant compar ed
with those treatments irrigated freguently. These findings
can be related to the effect of water deficit on the trans—
location of carbohydrates which affected the final size of
potato. Thus, it can be concluded that maintaining soil

moisture at high level produces larger tUbEfS(,Ramadan,1979).

b} Tuber index {length/width} @
Tuber index or the ratic between length and width under

the effect of various irrigatiom treatments is presented in
Table (12). Results showed that tuber index ranged from 1.02
up to 1.456. Statistical analyses showed that water deficit
did not affect the values of tuber index. However, results
clearly indicate that freguent irrigations or watering potato
plants at low or moderate stresses increased the values of
tuber index. On the contrary, Severe soil moisture stress
resulted in decreasing such values. These results indicate
that potato tubers are some what spherical in shape when
grown under low soil water, while under high soil wsoisture
ievel, the tuber length was much more than its width. Photo
No. (1) shows the differences in tuber shape under the

various irrigation treatments.
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it can be concluded that low water deficit praoduce
larger tubers and longer in length compared with those plants

grown under severe spil moisture stress. ( Levy, 1985).

c) Number of tubers/plant :
Table (12) represent the number of tubers per plant

as affected by water stress. Results clearly indicate that
water deficit did not significantly affect number of
tubers/plant. However, number of tubers/plant seemed toc be
greater under low and medium soil moisture stress, while

slightly decreased under severe water deficit( Ramadan'1979],

This trend of results was found to be true either in
fall or summer plantation and in the twoc seasons of study.
Thus, it can be concluded that number of tubers/plant 1is
mainly controllied by genetics and to less extent by environ-—
mental factors. It is worthy to mention that number of

tubers/plant ranged from 4 to S tubers.

d) Tuber yield/plant :

Tuber vyield/plant under different irrigation
treatments is shown in Table (12). Gtatistical analysis
indicate that the yield of tubers/plant was significantly
affected by water deficit. Such pattern of results was found

to be the same in both plantations and through the period of
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study. Maximum tuber yield/plant was scored from the wet
treatment (0.5 bar) followed by medium spil moisture stress
regime (1.0 bar or farmer practice). However, the lowest
tuber yield/plant was attained from dry treatments i.e.severe

water stress (1.5 bars or SO% modified Penman).

These results indicate the importance of soil water for
maximum production of tubers. It can be mentioned that the
differences between the 0.5 bar treatment and other
irrigation treatments are significant. In this connection
Bartaszuk (1987) concluded that when soil moisture stress
duration increased tuber yield/plant was decreased specially
at peak flowering period. It is worthy to mention that tuber
yield/plant in fall plantation was found to be greater than

that observed in summer season.

e} Average tuber weight 3

Average tuber weight data showed that it was higher in
fali plantation compared with summer oOne. This pattern of
findingr was found to be similar in both seasons. Soil
moisture stress had a significant response on tuber weight,
in both plantations as well as in the two seasons of study.
The highest value of tuber weight was gained from the wet
treatment followed by medium soil moisture stress (irrigated

at 1.0 bar) without significant differences between them in
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fall plantation. However, the differences were found to be
significant in summer plantation. The lowest tuber weight was
cbtained from other irrigation treatments i.e. farmer
practice, 1.5 bars and 350X modified Penman, without any
significant differences between them. i1t can be stated £hat
the differences between the previous mentioned treatments and
the wet spil moisture level were found to be significant.
These results indicate that soil moisture comprise an
important factor in the production of potato plant. The
heaviest tuber weight was gained by irrigating potato plant
frequently or maintaining the plants under high soil moisture
ievel, while the reverse trend can be achieved by 1low soil

moisture level.

Table (12) represent the effect of water stress on the
percentage of tuber dry weight. Results indicate that water
deficit had a significant effect upon tuber dry weight
percentage. These findings were found to be true in both
plantation i.e. fall or summer cultivation. Data indicate
that increasing water deficit did result in a significant
increase in total dry matter of potato tubers. Such pattern
may prove that potato plants subjected to drought conditions
produce tubers less in its moisture content. In other words,
the plants imposed to severe water deficit, ﬁad a higher dry

matter percentage compared with those plants irrigated
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frequently or growing under moist conditions. These results
are in full agreement with those reported by El Motaz et al.
{1970) who found that dry matter percentage of potato tubers

were higher under prolonged irrigation intervals.

g) Tuber specific weight :

Table (12) showed the effect of water deficit on
tuber specific weight. Statistical analysis of the variance
indicate that soil moisture stress had no response  on such
character. The values of tuber specific weight ranged from
1.01 to 1.08 in fall plantation while from 1.06 to 1.11 in

summer plantation. It can be concluded that water deficit did

not affect tuber specific weight.

h) Total soluble solids :

Total soluble solids of potato tubers under the
various irrigation treatments were tested and presented in
Table (12). The values ranged from 3.64 to 5.93 for fall
plantation:;. As for summer, mean values ranged from 35.24 to
5.70. It can be concluded that water deficit, did not aftfect
total soluble solids values in either fall or SUMMET

plantation, and the values are about the same.

4.1.8.2. Tuber production :

Potato tuber yield expressed as tons/feddan in the two
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ceasons as well as in both plantations as influenced by

different scil moisture is presented in Table {13).

Results of Table (13) clearly indicate that tuber
production in fall cultivation was found to be more fhan
summer. This pattern was the same in both seasons. In this
respect Ramadan (1979) reported that summer tuber vyield

always suppressed the respective one of fall piantation.

Zoromba (1988) showed that winter potato out—-yielded
summer plantation. With regardatﬁ the role of water deficit
on tuber productinn, analysis of variance showed that
irrigation treatments had a highly significant effect on
tuber yield. Such significant effect was found to be true

either in both plantations or in the two seasons of study.

The maximum tuber yield was scored from the wet treatm—
ent (irrigated at ¢.5 bar, soil moisture tension) followed by
the medium socil moisture stress (irrigated at 1.¢ bar, soil
moisture tension) and the farmer Practice treatment.
However, the least tuber production was gained froa the dry
treatment which was irrigated at 1.5 bars, soil moisture
tension and that treatment having irrigation at S50% modified
Penman. The previous results are the same in-both plantations

and in the two seasons of study. The increase in tuber yield
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gained from the wet treatment was found to be significant

over the other irrigation treatments.

These results indicate that for maximum tuber yield of
potato, irrigation water should be practiced at 0.5 bar soil
moisture tension. However, more than that level, the yield of
potato plant decreased significantly. It is worthy to mention
that the values obtained from the medium soil moisture stress
(1.0 bar), and farmer practice are about the same. This
means that the farmers irrigate their fields at mudefate
stress which affect the final tuber production. Alsoc, no
significant differences were chserved betuween the dry
treatment {(irrigated at 1.5 bar, severe water stress) and
that treatment watered at 50% modified Penman. These results
prove that soil moisture stress affects the production of
tubers. For masximum tuber yield, irrigation water must be
practiced frequently at 0.5 bar soil moisture temsion. The
resuits obtained previously can be attributed to the effect
of water deficit on plant growth therby on final vyield. In
this connection Kramer (1977)stated that water stress reduced
photosynthesis by closure of stomata, which decreases the
supply of CD2, but water stress reduces also the capacity of
the protoplasa to carry on photosyntheses. The reduction in
photosyntheses decreased translocation of carbohydrates, and

distrubance of nitrogen metabolism, all added to the effects
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of reduced turger in reducing growth. In turn, reduced growth
reduces the photosynthetic surface, further decreasing the
relative amount of carbohydrates available for growth, as

compared with unstressed plants.

The previous results are in full agreement with those
reported by Ramadan (1979) who concluded that maximum yield
wac obtained from plants irrigated when 3S0% of available
moisture was depleted in summer and fall plantationsg.
Jorgensen {1984) found that frequent irrigation i.e. at 0.4
bar produced the highest tuber vyield over the stressed

‘treatments «Amer -et al(1992) reported that the yield of potato
positively responsed to the increase in water applied under

sprinkler sysitem.

The grading of the tubers to different grades has been
evaluated and expressed as a percentage of total yield. Such
results are presented in Table (14). Table (14) illustrates
the potatp size percentage. Four groups were used in grading
potato yield i.e. less than 35 mm, 3545 mm, 43-60 =& and
more than &0 mm. As a general, more than 60% of tubers falls
in the last two grades i.e. 45-60 mm and more than &0 mn;
Also, fall plantation produced larger tubers than that of
summer plantation. This means that the fall plantation was

superior in producing larger tubers in size compared with
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tubers produced in summer plantation. it can be mentioned
that tubers less than 35 mm in diameter does not exceed 10%
in both plantations. With regards to the effect of water
deficit on tuber size, results of Table (14) showed that high
and medium socil moisture jevels i.e. wet and those treatmeﬁts
irrigated at 1.0 bar or farmer practice produced the highest
percentage of larger tubers. In those treatments more than
80% of tubers fall in medium and larger size percentage i.e.
45-50 and more than &0 Mmm. These results confirmed that
potato plant requires adequate soil moisture level during
growth and development. Such adequate soil moisture can be
achieved by irrigating the plants at low oOr moderate soil
moisture stresses. On the contrary, severe water deficit did
result in decreasing the percentage of medium and larger
tubers while increased the percentage of smaller tubers.
These results mean that maintaining a high soil moisture
ijevel through the growth period of potato improved the
production of tubers by producing larger tubers. The previous
findings are in line with those reported by Ramadan (1979)
who concluded that high coil moisture increased the large
size tuber percentage, while the low soil moisture increased
the small size in both seasons. Yaday and Tripathi {1972)
found that the big size potato tubers were obtained when the
available soil moisture increased. Hufeuver, Haverkort

{1982), pointed out that, because of the variation of soil
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moisture, a restarting of tuberization results in formation

of many small tuber.

4.1.3. Water Relations :

Evapotranspiration :

Evapotranspiration is the loss of water from plants and
seil to the atmosphere. This process includes evaporation
from soil and plant surfaces plus transpiration of water from

the plant.

Meteorological factors such as radiation, temperature,
relative humidity and wind velocity, control evaporation from
free water surfaces. Factors related to the crop and the soil
in addition to these meteorological factors affect evapotran-—

spiration from a cropped soil (Rijtema, 1963).

However, Burman et al. (1980} defined evapotranspiration
or water consumptive use as the combined process by which
water is transfered from the earth surface to the atmosphere.
It includes evaporation of water from the s0il and plant plus
transpiration of liquid water through plant tissues expressed
as the latent heat transfer per unit area or its equivalent

depth of water per unit area.
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4.1.3.1. Actual evapatranspifation s

a) Seasonal rates @
A detailed summary of actual evapotranspiration by

potato plant in fall and summer plantationsduring the period
of study is presented in Tables(13 & 16). Seasonal water
consumption by potato plant varies widely between 300.4 and
404.9 mm in the first season and between 310.2 and 419.3 mm
in the second season for fall plantation. However, for summer
plantation, seasonal water consumptive use ranged from 466.8
to 6246.9 mm in the first season and from 443.4 to 619.9 mm in
the second season. It can be mentioned that there is a slight
variation in water consumptive use in the two seasons either
in fall or summer plantation. Such slight differences are
mainly due to the variations in climatic factors as well as
the length of the growth period. In this connection Jensen
{1968) pointed out that crops would not necessarjly require
the same amounts of water when grown under widely different
climatic conditions. Water requirements of a crop can not be
discussed without considering the crop season and potential
evapotranspiration. Doorenbos and Kassam {(1979) concluded
that for high vyields of potato, the water requirements
(maximum evapotranspiration) for a 120 to 150 days growth

period ranged from 500 to 700 mm, depending on climate. 1In

0
—

recent studies, at Gemmeiza, Egypt, Ainer et al. {1992) have . Found

that seasonal water consumptive use for fall plantation was
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3c8.0, 293. and 374.0 mm respectively under surface,
sprinkler and drip irrigation systems. Fesults of Tables(1io &
1&8) indicate that seasonal water use by potatoc plant in
summer plantation was higher than that of fall. The intrease
in water consumption chserved in summer plantation is mainly
due to higher evaporative power of the air in summer months

compared with winter months.

The values of potential evapotranspiration were higher
in summer plantation than those of winter monthes {Tables 13
& 15). As a general; the values aof potential
evapotranspiration (expressed as mm) were low during winter
months (Dec., Jan., and Feb.}, while increased gradually
after that. These results can be related to the increase 1in
mean air temperature and solar radiation cbserved in March,
April, May and June. Those factors are the main parameters in
the calculation of potential evapotranspiration. Alsoc, those

factors resulted in increasing the evaporative power of the

ain( Tableg 2 ﬁ? 4‘ ) .

In t#is respect Chang (1971) showed that the rate of
evapotranspiration depends on the evaporative power of the
air as determined by temperature, humidity and net radiation.
Ramadan {(1979) in Egypt showed that summer plantation

consumed more water than that of fall. As for summer, the
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total amount of water needed were from 1976-2038 mgffeddan,
while for fall it ranged from 13527-1787 mslfeddan. Rgarding
the effect of soil moisture stress on seasonal water use by

potato plant in two plantation, results clearly indicate that

water deficit affect greatly such values.

Seasonal water consumption by potatc in fall plantation
was 404.9, 357.4, 344.7, 300.4 and 308B.8 mm respectively for
irrigation treatments irrigated at 0.5 bar, farmer practice,
at 1.0 bar, at 1.5 bars and 350% modified Penman in first
cseason. The corresponding values of the second season were
419.3, 364.1, 356.8, 312.8 and 310.2 mm for treatments in the
same order. As for the values of summer plantation, it were
526.9, 549.5, S529.8, 465.8, 474.4 mm for treatments irrigated
at 0.3 bar, farmer Practice, 1.0 bar, 1.3 bars and 350%
modified Penman respectively. The respective values of the
second season were 617.1, S534.6, 529.5, 459.4 and 443.4 mm
for treatments in the same order. Results clearly indicate
that water consumptive use increased as soil moisture stress
decreased. In other wards, water consumption increased as
soil moisture was kept wet by frequent irrigations and
decreased by prolonged irrigation intervals. The least
evapotranspiration was brought about under severe soil

moisture stress (1.5 bars or 30% modified Penman).
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However , the highest water use was attained under low
water deficit (0.5 bar). Under moderate soil moisture stress
the values fall in between (1.0 bar or farmer practice). This
trend was found to be the same either in the two seasons or
in two plantations i.e. fall or summer plantation. Tﬁese
results reveal that the increase in water consumptive use by
potato depends upon the available soil moisture in the root
zone prior irrigation. As soil moisture was kept wet by

frequent irrigations, higher evapotranspiration was attained.

On the contrary, increasing soil moisture stress by
prolonged irrigated intervals resulted in decreasing seasonal
water consumption by potato plant. BSuch findings can be
attributed to availability of soil water to the plants as
well as at the soil surface which give an opportunity for

high evaporation from wet spil rather than a dry one.

Tanner et al. (1960) stated that on a given type of
s0il, the total evapotranspiration depends on water available
to the plants as well as to the soil surface, and upon total
net radiation above plants and at the soil surface when wmater
is readily available both to the plants and at the soil

surface, maximum evapotranspiration obtains .

Wiegand (1962} pointed out that the drying rate of a
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bare scil is proportional to the water content and inversely
proportional to time and a drying front advances inta the
spil linearly with time. When the capacity of the soil to
conduct water to the surface does not egual the evaporative
demand, the surface dries and a parallelic water distribution

develops within the soil.

Doorenbos and Priutt (1977) pointed out that as the soil
dried, the rate of water transmitted through the soil will
reduce. At some stages, the rate of flow falls below the rate
needed to meet crop evapotranspiration. This ET. crop will
fall below its predicted level. The effect of soil water
content on evapotranspiration varies with crop and is
conditioned primarly by type of soil and water holding

capacity, crop rooting characteristics and the meteorological

factors determining the level of transpiration.

Ramadan (1979), in Egypt, showed that evapotranspiration
rates increased as soil moisture increased. Rashid and Ahmad
{1988) in +trials on potato found that artual water
consumption was 388, 365, 333 and 298 mm respectively for
treatments irrigated at 40, 55, 70 and 83% availabhle so0il
moisture. In this respect Anton {(1991) concluded that soil
moisture stress affects greatly seasonal evapotranspiration.

fs soil moisture stress increased by prolonged irrigation,
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seasonal water use decreased. The drier soil is the lower

water consumption.

The discussion of evapotranspiration rates by plants
under different water regimes covered the ir influences on

resistance to evapotranspiration.

b) Daily rates :

Daily evapotranspiration rates by potato plant during
its growth cycle in the two tested plantations i.e. fall and
summer plantations through the period of study{(two successive
seasons) is presented in Tables {17 and 18). As a general
trend, the values of daily pvapotranspiration rates started
with lower rates at the beginning of the growing season. Such
trend is due to plant vegetation was not established vyet
{period of sprouts) and loss of moisture was mostly by evapo—
ration. Thereafter, a gradual increase in daily rates of
evapotranspiration was observed as potato plant grown up.
This can be attributed to the vigorous growth of potato plant
as it starts to cover the ground. Thus, daily
evapotranspiration reached its maximum value when potato
plants aged 70 days in fall and 75 days in summer plantation.
These results indicate that the increase in evapotranspira—
tion stood parallel to the increase in vegetative growth of

the plant.
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in other words, the increase 1in water use rates is
similar to the increase in crop COVEeET percent. Also, such
pericd is considered as the period of tuberization. Potato
plant needs more water in this period as the tubers increased
in size and weight. Thereafter, daily rates started to
decrease through the period of pre—harvesting. It can be
mention that the gradual increase in daily water use from
planting to the period of tuberization can be explained on
the basis of crop cover. When plants are small, they
intercept little of net radiation thereby evaporation will be
greater than transpiration. As the extent of plant cover,

transpiration increased.

In this respect, Lemon et al. (1939} peinted out that
the gradual increase in evapotranspiration from planting to
maturity can be explained on basis of plant cover percent.
The decrease in evapotranspiration after maturation is
probably a plant-dependent factor. However, in many studies
sgil water is not mentioned at high level after -maturation.
Also, Ramadan (1979} concluded that monthly consumptive use
of potato plant increased with age to a peak perior of tuber
enlargement then gradually decreased with age. Monthly
consumptive use was higher in the third month for fall
season, while in summer plantation was high in the second and

third months.
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Spil moisture stress had a negative response oOn daily
water consumption by potato plant (Tables 17 and 18). 1In
other words, as scil moisture stress increased by prolonged
irrigation, {(water deficit treatments) a relative decrease in
daily water use occcured. Such phenomena 1is a function .nf
water availability to the plants. in this respect, Black
{19565) concluded that the independance of evapotranspiration
and density of vegetation canopy exists‘fqr differe?t reasons
where soil is dry than where availability of water for
evaporation and transpiration is unlimited. Under moist soil,
the control is in the atmosphere. Under dry conditions the
control is in the soil. Under intermediate conditions, the
control may be partly in the soil and partly in the plants.
Russell (1975) stated that "the drier spil, the lower is the
maximum rate the roots Can supply water to the leaves.
Ramadan (1979}, in trials with potato,pointed ocut that it is
evident that in each month the consumptive use was higher
when the water moisture was higher i.e2. being the 1lowest 1in
treatment A (irrigated at 75% depletion in available water)
and the highest in treatment D ({irrigated at 30% depletion).
This trend was particularly more pbvious. in the early:

months relatively than the later ones and was more higher in

summer than in fall plantation.

It can be concluded from the previocus results that soil
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moisture stress affects greatly seasonal and daily water use
by potato plant. As s0il moisture stress increased, seasonal
and daily evapotranspiration decreased. The drier the soil is

the lower the water consumption by potato plant.

In this connection , Anton (1991} concluded that the
gdiscussion of water use rates by plants under different water
regimes covered their influences on resistance to
evapotranspiration. These effects can be grouped into three

categories :

1. The influence of degree of crop cover or canopy that

affects diffusive resikstance.

2. The maturation of the crop may influence
evapotranspiration by decreasing the portion of net radiation

converted to latent heat of vaporization.

3. Net so0il moisture stress prior to irrigation can
influence the effective resistance. Low stress prior

irrigation decrease the effective diffusive resistance.

4.1.3.2. Crop coefficeint (Kc) 3
The term crop coefficient has been developed as the crop

does not require much water for the whole season to meet
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potential evapotranspiration. Crop coefficient has been

developed to reflect the physiology of the crop, the percent

or the degree of crop cover on potential evapotranspiration.

Such term is calculated 3s the dimensionless ratioc of crop

evapotranspiration and potential evapotranspiration. The

growth season of potato plant can be defined to the following

stages :

1. Initial stage : early growth (20 — 30 days) after planting,
2. Crop development stage (30 - 40 days) after Initial stage
3. Mid season stage (30 — 43 days’ after -development stage ,
4. L ate season stage (20 — 25 days) after ' Mid season stage |
5. Maturation: after late season stage to maturity.

The crop coefficient of potato plant throughout its

growth cycle in summer and fall plantations is presented in

Tables (19).

The values were calculated according to the daily

potential evapotranspiration estimated by Penman’'s method and

actual water consumptive use derived from the wet treatment

{irrigated at 0.3 bar, as it produced the highest tuber

yield). Crop coefficient was very low at the initial stage

due to relatively large diffusive resistance of bare soil

after planting. Thereafter crop coefficient increased as the
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Table (19):- Crop cofficient (Kc) of potato during different
growth stages in summer and fall plantations.

. Crop .
Inl= gevel- Mid Late Matu- Seaso-
tial season sSeason .
opment ration nal
stage stage stage
stage 5-7 ()
20-30 30-45 20-25 e
d 30-40 4o days  99YS
ays days Y Y
Summer plantation
* Season I 5.97 7.80 8.39 8.74 g9.81
Season II 5.28 6.58 8.12 8.66 10.01
Mean 5.63 7.19 8.26 8.70 9.91
* Season 1 4.15 5.52 7.70 5.40 4.00
Season IT 3.01 4,92 7.84 5.98 4.20
Mean 3.58 5.22 7.77 5.69 4.10
K. 0.64 0.73 0.94 0.65 0.41 0.75
Fall plantation
* Season I 5.39 3.91 4.10 3.%4 4.16
Season II 5.06 3.98 4.35 4.09 4.19
Mean 5.23 3.95 4.23 4.02 4.18
* b Season 1 1.30 2.77 4.81 3.46 3.30 .
Season II 1.30 2.58 5.16 3.52 3.30
Mean 1.30 2.68 4.99 3.49 3.30
K, 0,25 0.68 1.18 0.87 0.79 0.77

* Potential ET, estimated by modified Penman methods
mm/day .

** Actual ET, drived from wet treatment (0.5 bar in mm/day.
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percent of crop cover increases. Such trend means that the
diffusive resistance incrased as a result of the increase in
leaf area through the period of crop coefficient. At aid
season stage, crop cpefficient reached its maximum value.
Such period is considered as the peak water demand by putétu
plant. Such period is said to be the periced of tuberization.
Then, crop coefficient decreased again during late season
stage. A sharp decreease in crop coefficient was ochserved at
harvest time. It is worthy to mention that crop coefficient
of potato plant was found +to bhe 0.73 and 0.77 for summer and

511 plantations respectively.

In this rspect Jensen (1268) pointed out that sgasonal
evapotranspiration for most common farm crops will be less
than the potential because soil may be completely bare for
sometime prior to planting. Leaf area iz limited as the
seedling emergesand dEvelops,and the effective resistance fo

transpiration increases as the crop begins to mature.

Burch et al. {1978) concluded that the ratio betweeen
actual to potential evapotranspiration increased from 0.2
early in the season to about 1.2 at later stages for well

watered plants.

Doorenbos and Kassam (197%) showed that crop coefficient
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in the mid season stage ranged from 1.00 to 1.2¢. Irrigation
scheduling should be based on avoiding water deficit during
the pericd of stolonization, tuber initiation and yield
formation. Ramadan (1979) showed that crop coefficient of
potato plant gradually rises to a peak and then decreased in

both plantations i.e. fall or summer Season..

4.1.3.3. Water uptake :

Water uptake by potato plant roots from different soil
depths under the various irrigation treatments is presented
in Table ¢ 20 ) and illustrated in Figs. {1 and 2) for fall
and summer plantations.The data were calculated from seasonal
storage of water in the soil and differential extraction from
so0il depths up to 60 cm. Results clearly indicate that potato
plant extracts approximately 80% of its moisture need from
the upper foot. The highest moisture extraction occurred at
the surface 15 cm {(more than 350%) of the soil profile while
less water was extracted as the soil depth increased. This
pattern of results is similar in the two plantations i.e.fall
and summer as well as in two seasons of study. Such pattern
was found to be clear under the wvarious irrigation
treatments. The results indicate that the roots nf potato
plant were grown ciose to the soil surface.These findings may
prove that potato plant is relatively sensitive to soil water

deficit.
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Thus, soil should be maintained at a relatively high
moisture content by frequent irrigations to avoid any soil
moisture stress. In this connection, Israelsen and Hansen
(1962) pointed out that in arid regions MOTE water is
extracted from the upper foot of soil, wherever it is kept
more moist by frequent irrigations. Ramadan {1979) concluded
that the percentage of moisture extraction in depths from
0-30 cm was % folds the respective one in depths from 30-460
cm in all irrigation treatments in both seasons. Doorenbos
and Kassam (1979) reported that potato has & shallow ;ront
csystem, normally 70% of the totél water uptake occurs from
the upper 30 cm and 100% from the upper _QGr:tD 60 com soil
depth. The uptake pattern will, however, also depend on the

snil texture and structure.

4.1.3.4. Water use efficiency @
When irrigation water supplies are more limited and

water cost increases, the water conservation objectives may
chift to optimizing production per unit volume of applied
water. Water use efficiency ic defined as the quotient of dry
matter produced per unit area over the depth of water rquired
in evapotranspiration. wWater use efficiency can be increasd
either by increasing Crop production or by decreasing losses
due to evapotranspiration. Crop production can be improved by

the best choice of high yielding varieties, adaﬁfation to the
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particular environment as well as by improvment of water
management, air and nutrient supply to the roots and of light

antd C0=z to the foliage.

a) Dry matter production @

Water use efficiency expressed as Kkg. dry matter/
feddan/one cubic meter consumed in complete
evapotranspiration for potato under different soil moisture
1evels is illustrated in Table (21). Rsults clearly indicate
that values of water use Efficiehcy for fall plantatinn are
higher compared with summer plantation. These rsults are
mainly due to less dry matter production in summer plantation
compared with fall. Also, water consumption of fall

plantation is less than that of summer.

The above mentioned factors are responsible for the
lower water use efficiency values observed in summer
cultivation compared with fall. It bas heen mentioned
previously that fa}l plantation out-yielded summer Season
gither in growth or final yield. It can be concluded that
fall plantation is preferable from the stand point of either

production or water use efficiency.

water use efficiency was low at earlier stages of potato

growth (S0 days from planting)} as the canopy was very small.
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in this period the plants are small and intercept only a
emall portion of radiation. However, evaporation 1is high
from the exposed soil surface. The dry matter production in
this period still at low rate. Water use efficiency reached a
maximum value in the second periocd (63 days from planting).
This increase in the wvalues of water use efficiency can be
related to higher dry matter production, leaf area increased
to a maximum and the canopy covered the ground besides the
tubers have been formed. Such periocd is considered the
period of -tuberization. It is well known that - light
interception increased with the increase iﬁ leat area index
photosynthesis and growth are proportional to the amount of
light intercepted to the canopy and to the leaf area index.
On the other hand Evéparatinn from the field is not
proportional to the leaf area index because it occurs from
both soil and plants. Thus water utilization was at its
maximum rate through such period. These results may prove the
importance of providing the plant with adequate water supply
through such period {65 days after planting). After that,
water use efficiency values redecreased again as the plants

started to mature.

In this respect, Ritchie and Burnett (1971) pointed out
that water use efficiency is low at earlier stages pf annual

crops because growth rates are slow and large fraction of
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The amount of turgidity may not directly influence the
sctual exchange of gases required 1n photosynthesis, but it
will affect net photosynthesis indirectly through regulation
of stomata opening. All of these reduce dry matter
accumulation in plants subjected to severe moisture stress
per unit of water consumed which resulted in lower water use

efficiency values.

b} Tuber vyield :
Table {(22) represents the effect of soil moisture

strocs on water use efficiency expressed as kg of tuber
yieidlfeddanme of water consumed. Results clearly indicate
that water use efficiency values of fall plantation ranged
from 7.0 to 10.02 kg. tubersifeddan!ma ET. and from 6.70 to
8.632 kg tubersffeddanme ET. in the first and second seasons
respectively. As for sumner plantation, the values ranged
from 3.61 to 5.10 kg tubers!feddan/m3 ET. and from 4.15 to
5.279 kg tubersffeddan/m3 ET.in the first and second seasons
respectively. The values of water use pfficiency were higher
for fall plantation cnmbared with those of summer cultivation.

This trend is mainly due to two factors :

(1) The higher yield production (tuber yield) in fall

plantation compard with that produced in Ssummer.

f ‘I}
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(2) The higher amount of water consumed by potato plants
in summer in comparison te the values of evaputranspiration

of fall plantation.

Those twn factors are mainly responsible for decreasing
the values of water use efficiency observed in summer to
those obtained from fall cultivation. Water use efficiency
value is a ratio between yield and water consumption. When
vield production decreased and at the same time
evapotranspiration rate increaséd iower values of water use
efficiency can be cbserved.This trend was pbtaind from summer
plantation as the total tuber yield per feddan was less than
fall and at the same time water consumptive use by summer
plantation was higher than fall seasan. it can be mentioned
that tuber yield is contreolled by many factors among them the
relation between photosynthetic activity, plant growth
pehaviour, transliocation and accumulation of prganic and
inorganic compounds in tubers. These factors affect the
initiation and development of tubers and controlled by the
prevailing environmental conditions as daylight period,
temperature, relative humidity ... etc. Such factors affect
tuberization in potato plant. The short day light period {as
in fall season) encourage the initiation and development oOf

tubers than in summer Season.
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The stolon is directed intc the seoil to form tuber under
ground more in fall season than in sSummer Season. Another
factors affecting tuberization of potato plant is the
relationship between the reserve food which is translocated
to either tuber bulking or to the developing green shoot
system. During summer season, the higher absorption of water
and nutrients stimulate relatively more green shoot
development while the reverse is true during fall season. The
relationship between the formation of carbohydrate fractions
and their convertion is one of the most important ‘factur5
affecting the ipitiation and development of tubers. The
respiration rate and the balance between carbohydrate
fractions is one of the most important factors affecting
tuberization i.e. the balance between sugars and the
transipcated material seemed to be higher in fall than 1in

sumnmer .

Regarding the effect of water deficit on water use
efficiency by potato expressed as kg- tuberslfeddanlm3 ET.
results clearly indicate that soil moisture levels induced a
great response on water use efficiency values scored from
the wet treatment {irrigated at 0.3 bar) in the two
plantations. However, increasing soil moisture stress did
result in decreasing water use efficiency Qalues by potato

plant. This trend was found to be clear in the two plantat-

]
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jons i.e. fall or summer. However, in fall plantation, the
values of water use efficiency gained from moderate soil
moisture stress i.e. irrigated at 1.0 bar or farmer practice:
are similar to those obtained from the wet treatment (0.5
bar). The lower water use efficiency values in fall
plantation was attained from severe coil moisture stress
treatments or those plots irrigated at 1.5 bars or SO0%
modified Penman. These results indicate that the relative
decrease in potato tuber yield by moderate spoil moisture
stress was similar to the decrease in seasonal water —consum—

ption.

Moreover, increasing soil moisture stress prior
irrigation more than 1.0 bar (1.5 bars or 50% modified
penman) did result in a sharp decrease in tuber vyield more
than the reduction in seasonal evapotranspiration which
resulted in a lower water use efficiency values under such
condition. As for summer plantation, results of Table (42)
indicate that water deficit affected greatly the values of
water use efficiency. Increasing soil moisture stress did

result in decreasing the values of water use efficiency.

Such pattern of finding may prove the importance of
soil moisture for higher yield production of potatc tubers

therby more efficient use of water. This trend seemed to be




105

obvicus in summer plantation more than Tfall cultivation.
Thus,maintaining sgil moisture at a high level not only
increase tuber production but also allows the potato plant to
use water move efficiently. In other words, increasing water
deficit did result in decreasing crop yield and at the same

time affects greatly water utilization.

The previous results may lead to the conclusion that
potatc plant is more sensitive to water deficit and that is

more pronounced in summer plantation than fall one.

in this respect Doorenbos and Kassam (1979} concluded
that potato is relatively sensitive to spil water deficit.
The soil should be maintained at a relatively high moisture
content. The total available scil water should not be

depleted by more than 30% .
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4,1.4. Chemical composition 3
4.1.4.1. Mineral composition 3

rResults of nitrogen, phosphorus and potassium concen—
tration expressed as mg/g, dry matter in l1eaves, stems and
tubers of potato plant guring different periods of growth as

affected by soil moisture stress are recorded in Tables

(23, 24 and 23).

a) Nitrogen @

Nitrogen concentration of leaves and stems increased
gradually from the first sample up to the second period (&3
days after planting}, then slightly decreased when plants

aged 80 days.

The increase in nitrogen content observed in the second
sample can be related to more nitrogen absorption through
this period. However, the decrease in nitrogen after that can
be related to the translocation of nitrogencus compounds to
the storage organ i.e. tubers as well as to the growth of
plants. As for nitrogen concentration of tubers, results
showed that it decreased by time from the first sample up to
the last one. Such decrease is mainly due to the accumulation
of carbohydrates in tubers more than other nitrogenous com™
pounds which resulted in reducing nitrogen concentration. It

is worthy to mention that leaves have higher nitrogen content
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than both stems or tubers. This pattern may be due to the
development of new leaves. Also, nitrogen concentration of
different potato plant organs is higher in fall plantation
compared with summer one. This can be ascribed to better
growth of potato in fall plantation rather than summer one
which may explain the higher productien of tubers in fall
than summer . Halbrooks and Wilcex (1980} in Tomata plant

painted out that nitrogen concentration was higher in leaf
tissue than in fruit or branch tissue. Branch and leaf nit-
rogen slightly decreased as the.seasnn progressed. Nitrogen
accumulation by the whole plant increased sharply at 50 days
due to increased branch and leaf development. After 70 days
the increase in nitrogen was primarily in the fruit. Regar-—
ding the effect of water deficit on nitrogen concentration of
potato plant, results showed that nitrogen content was
decreased by increasing s0il moisture stress. This trend was
found toc be true in all plant parts i.e. leaves, stems oOr
tubers and much more in leaves than other organs as well as
in severe water stress treatments than medium levels. Such
results may prove that prolonged irrigation intervals oOr
severe water deficit did result in decreasing nitrogen absor—
ption. In this connection, Loomis and Haddock (1967) pointed
out that soil water potential may influenceiavailability and
uptake of mineral nutrients as well as their accumsulation

within the plant. Low soil water potential may reduce total
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uptake of nitrogen, while plant nutrient status may be either
lowered or improved as evidenced by changes in the concent—
ration of NOa-N in petiols or of total or soluble N in

various tissues.

b} Phosphorus @

Fhosphorus concentration expressed as mg/g. dry matter
of potatoc leaves, stems and tubers during its growth cycle
under the various irrigation treatments is presented in Table
{24). Data showed a trend similar to that nbserveﬂ with
nitrogen specially for leaves and stems. Phosphorus concent-
ration increaed to reach a peak at the second sample then
decreased after that. This decrease Was observed in leaves
and stems while tubers showed a contenious increase till the
last sampling date (80 days after planting). It can be
mentioned that leaves process a higher phosphorus concentrat—
ion than either stems or tubers in all sampling periods.Also,
the differences between the two plantations i.e. fall or

summer with respect to phosphorus are very 5light;

As for the effect of soil moisture stress on phosphorus
concentration, results = .. showed a reduction in P content
by water deficit. Such reduction was found to be very clear
under severe water stress (1.3 bars or 50% modified Penman)

rather than under moderate soil moisture levels.These results




112

are in line with those reported by Haddock (1952} who
concluded that the availability of phosphorus markedly
reduced at low water potential ieading to low concentration

in the plant.

c) Potassium :

Potato plant c onsumed move potassium than any other
nutrients. Such element is very important in the synthesis of
carbohydrate, however, does not form any organic compounds in
plant. This made the element be freely translocated -through
the plant organs {Luxury consumption}). Results of potassium
concentration expressed as mg/g, Ory matter during the growth

cycle of potato plant are presented in Table {29).

Potassium concentration in leaves segemed to decrease
gradually by time from planting up to the last sample (80
days). The reverse trend was found to be true with stems.This

means that{k})in stems increased by advancing age. Such pattern

can be paftially explained . ON the translocation of this

element from  jpaves to other plant organs.

As for the concentration of{K}in tubers, results showed
that it decreased by advancing age oOr by the development of
tubers. This pattern can be related to the ddilusion effect

hecides that this element does not form any organic c ompound
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and translocatd freely with the plant. It is worthy to
mention that no clear differences petween the two plantations
with respect to potassium concentration. In this connection,
Halbrooks and Wilcox (1980) showed that (K) concentration of
the vegetative portions cf the plant wWas higher in branch
than in leaf tissue. Potassium concentration , generally,

decreased as the season progressed.

As for the effect of soil @uisture stress on potassium
concentration, results showed that it decreased és sail
moisture stress increased in leaves oniy. However ,the reverse
trend was found to be clear in stems OT tubers . In other
words, {K) concentration seemed to be increased by water

deficit.

4.1.4.28. Carbohydrate contents @
Data of carbohydrate contents in leaves,stems and tubers
during different periods of potato growth ecstimated as ®mQ-

glucose/g dry matter are presented in Tables (26 & 27)-

a) Total sugars 3
Results of Table (258} showed the content of total sugars
in leaves, stems and tubers at different periods of potato
growth. A gradual increase in total sugars was ocbserved Trom

the first period (50 days) up to the second stage {65 days
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from planting). Such increase was found to be clear in leaves
and stems only. HoOwever, the tubers sugst content decreased
gradually from the first sample up to the last one. This
reduction in tuber sugar content is mainly due to the changes
of soluble sugars to polysaccarides After the second
sampling period, total sugar content of leaves and stems were
decreased. Such decrease wWas found to he MOTE clear in
ieaves than stems specially in summer plantation compared with
fall. It is worthy to mention that sugar content of potato
plant was higher in fall plantation than summer, with fespect

to leaves or stems.

This pattern can be attributed to the early formation
of tubers in SWhHmET {through the 30 days after planting),
compared with fall. The formation of tubers reguires more
carbohydrate which resulted in a quite reduction of total
sugar content of leaves and stems in summer plantation due to

the translocation of such relatd compounds to tubers.

Regarding the effect of water deficit on total sugars of
potatc plant, data of Table (26} showed that soil moisture
stress decreased the accumulation of sugars in different plant
parts i.e. leaves, ctems and tubers. This trend was found to
be obvious during the growth cycle of potato plant. Iin other

words, total sugars ceemed to be lower in plants imposed to
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drought conditions. The sharp reduction in total sugar
content was cbserved under treatments irrigated at 1.5 hars
or S50% modified Fenman. In this respect El-fAshker (1980)
showed that high soil moisture content increased the
concentration of all carbohydrate fractions in all bean plant
organs , except the decrease noticad in insoluble and total

carbohydrates in stems.

b} Total carbohydrate :

pata of total carbohydrate ijn ipaves, stems and tubers of potato

plant throughout its growth estimatd as mg glucos/g. dry matter
are Ppresentd in Table{27) .Results cshowed a gradual increase in

rotal carbohydrate from the first sample up to 65 days then

slightly.decreased. This pattern is true in leaves and Stems

only while the reverse ie guite clear in tubers.

In other words, total carbohydrates (mg glucose/g. dry
matter) increased up to the last sample. This trend was
expectd as the tubers are the storage organ of the plant. It
iz worthy to mention that the amount of total carbohydrate in
fall plantation was found to be higher compared with summer

cultivation. This pattern iz true in different part organs.

Regarding the effect aof water deficit on the amount of
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total carbohydrate, results chowed that socil moisture stress
had a negative respon=e upon the accumulation of total
carbohydrates. In other wordss the amount of
total carbohydrate {mg giucosesg dry matter) decreased by
increasing soil moisture cstress. This trend was found to be
ciear during different sampling periods and in the two
tested plantations. In this connection kramer (1977)
concluded that there is important differences among species
in the effect of water siress in carbohydrate metabclism. The
reaction is complicated by the fact that respiratinﬁ often
decreased more slowly than phntnsynthesiﬁ= causing depletion of
total reserve and changing in the proportion of various
carbohydrates. Anton {1991} found that carbohydrates seemed
to be lowered in plants suth jected to SeVETE senil moisture
stress. The author related this trend to changes in EenZyme
activity as well as the reduced CO2 intake under siress

canditions due to stomatal closure.

4.1.4,3., teaf plastid pigments :

In order to determine the effect of the different
irrigation treatments on leaf plastid pigments, the average
concentration values of chlorophyll a and b, total
chlorophyll (a + b} and carotene were estimated in terms of
mg/g fresh weight. In addition, relative proportion

guantities between the different examined chloroplast pigment
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fractions were also recorded in Table {(28).Chl,a/b represent
the ratio between chlorophyll a & b and {a+bh)/c represent the
ratic between the green and yellow pigments. Results
indicate that differesnt chloroplast pigments increased with
advancing age. However, the rate of increase in the plastid
pigments was not similar in the different fractions as the
ratio of {ath)/c was greatly cdifferent and it is also
increased gradually with advancing age. In other words, the
rate of increase in chlgrophyll exceeds the rate of
carctencides increasing rate. This fact seemed to affect the
rate of COz assemilation and finally plant growth and 1its
productivity. As a general, chlorophyll {(a+b) concentration

ie less under summer plantation compared with fall.

However , carotenoides is higher under summer than fall
spason. Therefore, the ratio betwesn chlorophyll {ath) and
carctencides (c) was less in summer plantation than that
cbserved in fall. The values of this ratio indicate the
higher proportion of carotencides under summer plantation
than fall cne. The higher proportion of carctenoides 1is to
protect chlurﬂghyll from photooxidation during summer

distinguished by higher photodensity.

Soil moisture stress affected the concentration of

chloroplast pigments. Chiorophyll a & b was found to be
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higher under wet conditions and decreased by increasing soil
moisture stress. The reverse trend wWas found with yellow
pigments i.e. carctenocides. Also, the ratioc between asb
seemed to be similar under various irrigation treatments
which indicates that any decrease in chiorophyll {(a) by water
deficit is accompaned by & similar decrease in chlorophyll
{b). However, the ratio {at+h)/c  was decreased by water
deficit. In this respect Sarag, 11983) concluded that total
chiorophyll and carctene in tomato were decréased with water
stress. A significant negative correlation was detected
netween chlorophyll content of plant leaves and their water

saturation deficit.
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PART II

EFFECT OF SOME GROWTH REGULATORS

4.2.1. POTATO GROWTH :

4.2.1.1. Plant height:
Piant height of potato plant at different pericds of

growth in summer and fail plantatiunsis presented in Table
{29). Results showed that plant height increased by advancing
age. #Also, the length of the plant was found toc be higher in
summer than fall season. Such findings are 'mainiy due to
climatic factors. Regarding the effect of GhRs or ccc on
plant height, data indicate that both substances affect the
height of potato plant significantly. This trend was found to
be true in the three tested periods. The application of E5Aa
either at 100 or 200 ppm stimilated the plant height. On the
other hand, the use of CCC depressed significantly the height
of the plant compared with the control or those sprayed with
GAs. The previous rTesults can be ascribed to the stimulative
effect of the promoting substance (6As) on the growth of
plants. However, the depressive effect af CCC may be due to
its retarding effect of such material on the growth of paotato
plant. The stimulative effect of GAa can be discussed on the
bases that GAs or anti-BGibberelline {(CCC) affect either cell

division and or its elongation( Jackson and Edda, 1962).
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In addition, the functional role of both growth
regulators is directed on =tems elongation which associated
with endogenous changes leading to a visible changes in
whole plant growth behaviour, which is contrelled by the used
rate of the tested substances. Also, the prevailing
environmental conditions prior and after treatments affect to

a great extent the used substances-

Shadeque and Pandita {1982) reported that height of
potatoc plant decreased by the application of CCC and this
decrease increased by the concentration of CCC. The plant
response to the rate of the used growth substances WwWas
controlled by the environmental conditions as it was gained
come changes in the resulis with respect to the season of

plantation i.e. summer o7 fall.

4.2.1.2. Number of Branches :

Number of branches for potato plant during its growth
cycle is recorded in Table (30). Data showed that number of
branches/plant was increased as the plant developed to reach
a maximum when plants aged 63 days from planting. Growth
substances affect significantly the number of branching by
potato plant. guch sffect either increase or decrease depends
upon the type of the used substance and its concentration.

The use of GAs at both rates increased Significantly number




Pable ( 30):- Effect of growth regulators on number of branches of potato plant

at various stages of growth.
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af branches/ plant OvVer the control. This type of results
can be related to the stimulative effect of such substances
on plant growth and thereby on branching. It can be mentioned
that there is no more increase in number of branches/plant by

increasing the rate of application.

On the contrary, the application of CCEC did result in a
significant decrease in number of branches/plant. Such
pattern of finding is mainly due to the retarding effect of

CCcC (anti . Gibberelline) on the growth of plants.

4.2.1.3. Leat Area
Leaf areasplant throughout the growth cycle of potato

plant in summer and fall plantations under influence of some

growth regulators is presented in Table (31)}.

The percentage increase in total leaf area/plant for the
average of two seasons is illustrated in the same Table.
EE;;%;}Jéié‘very important for its role in photosynthetic
assdmilation role and the loss of water through
transpiration. Leaf area/plant increased by advancing age
from emergence up to the last period (80 days after
planting). Such pattern was found to be true in fall
plantation, while in summer, 3 slight decrease in leaf

area/plant was observed when plant aged 80 days. This might
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a) Dry matter of leaves @

Dry matter of potato leaves in the two plantations during
different periods of growth as affected by growth regulators

is presented in Table {32}.

Results clearly indicate that leaves dry matter increase
gradually to reach a maximum when plants ages 80 days. These
results are similar either in fall or summeéer plantations.
Leaves dry matter/plant was higher in fall than that of
summer . Such trend can be related to the environmental con—
ditions which is more suitable for potatc plant in fall rather

than summer.

Regarding the effect of 5A3 on dry matter accumulation
in leaves, data of Tahle (32) indicate that the dry matter
production was enhanced by the two rates of GAa. This
increase in dry matter accumulation was enhanced by increase

in rate of GAs i.e. from 100 to 200 ppm.

Also, the increase in leaves dry matter through
different growth periods was found to be significant compared
with the corresponding values of the control. It can be
concluded that GfAs had a stimulative effect on the
accumulation of dry matter of potato ieaves and that was

found to be true in both plantations.As for the growth
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retardant CCC, results indicate that it had a depressive
effect on the accumulation of dry matter of potato leaves.
Such reduction was found to be significant in both
plantations as well as in the three tested period of growth.
This type of finding can be related to the retarding effect
of such chemical on the growth of treated plants thereby dry

matter of leaves.

The previous results may be interpreted on the
assumption that growth retardants such as CCC prevent GAa
synthesis and thus retard the growth of higher plants and

reduced shoot growth.

b) Stems dry matter :

Stems dry matter of potato plant under the various
concentrations of GAs or CCC during different periods of
growth in the two plantations is presented in Tabhle (33).
Results showed a similar trend to that observed with leaves.
Stems dry matter increased by time from planting up to the
last sample (BO days). 6GAs increased the accumulation of dry
matter in stems and such increase was found to be significant
over the control or these plants treated with CCC. Such
increase was enhanced by the application rate. on the
contrary, the use of CCC retardeﬂ%ﬁﬁgﬁgruwth of plants and

thereby reduced the amount of dry matter accumulation in
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stems.The depression in dry matter accumulation was increased
by the rate of CCC application. It can be mentioned "that the
stimulation or the retarding effect of GAs or CCC on stems
length were associated with the same trend in stems dry matter

accumilation.

¢} Tubers dry matter :
Tubers dry matter of potato plant throughout the growth
cycle of the plant as affected by growth regulators 1in fall

and summer plantations is recorded in Table (34).

Results clearly indicate that tuber dry matter increased
gradually to the end of the growth season. This is mainly due
to the formation of new tubers as well as to the accumulation
of organic compounds in tubers. Tuber @ is the storage organ
of the plant and comprise the final production which is the
marketable yield. It can be mention that tubers dry matter
expressed as g./plant in fall plantation was found to be more
than the corresponding values obtained from summer
plantation. Such results may prove that fall plantation is
better for the production of tubers than summer. This trend
might be due to climatic conditions which is more suitable

for tuber production in fall than summer.

With regard to the effect of growth substances on dry
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matter of tubers, results showed complete changes to that
observed with dry matter of either leaves or stems.The use of
GAs enhanced the accumulation of dry matter in -aeril parts,
while a reverse trend was observed with tubers. Tubers dry
matter was decreased by the application of GAs at both used
rates in the different growth stages. This trend was found to
be true in summer plantation. However, the reverse pattern
was observed with fall plantation. In other words, GAs
enhanced the accumulation of dry matter of tubers in all
tested periods for fall plantation over the control. Thus, it
can be concluded that GAs application affects the assimdlated
rate of organic matter_ and/or the transiocation of
synthesised compounds to the storage organ. Also, the
environmental factors specially climate affected greatly such
accumulation as observed in the variations between the two
plantation i.e. fall and summer. In summer, the plant
directed some of its effort tc the production of flowers
{under the effect of GAs) which atfect greatly the
accumulation of dry matter in tubers. On the contrary, the
gay length in fall is not so—enough for potato to bloom {as
potato is classified as a long day plant), thus, the plant
directed all the assimilated materials.fur tuber production
instead of blooming. It can be concluded that the blooming of
potato plant in summer may be on the account of dry matter

accumulation in tubers.
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It is worthy to mention that increasing the rate of GAs
application (200 ppm) resulted in decreasing tubers dry
matter in the three tested periods of growth. This pattern
was found to be true in both plantations i.e. fall or summer.
In this connection, Rojas et al. {1985} concluded that
gibberellic acid {(15%) applied to potato plant accelerated
tuber sprouting and enhanced both weight and number of tubers

harvested.

Concerning the role of CCC on tubers dry matter, results
showed that the application of CCC increased the accumulation
of tubers dry matter in all storages of potato growth . This
trend was found to differ than that observed in the shoot.
In other words, CCC application retards the shoot growth but
enhanced the tubers dry matter. These results are similar in
both plantations i.e. fall or summer. The increase in tubers
dry matter following the application of CCC either in fall or
summer plantation was found to be significant over the
control or those plants sprayed with BRa. It can be mention
that the enhancing effect cbserved with the use of CCC was
found to be more in fall plantation compared with summer one.
It can be concluded that in plants having a storage organs
like potato, when shont growth was decreased by CCC applica—
tion, a reverse pattern can be observed with the storage

organ i.e. tubers. In other words, the decrease in shoot dry
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matter wa= accompanied by a similar increase in the tuberiza-
tion thereby tubers dry matter. In this respect, Shadeque and
Pandita {1982) conciuded that CCC application increased tuber
yield and the proportion of large tubers. The most effective

concentration was 500 ppm at 50 days after planting.

It is worthy to mention that higher rate of CCC {2000
ppm) resulted in a slight decrease in dry matter accumulation
in tubers compared with the lower used rate {1000 ppm).
However , the higher rate accelerates the accumulation of dry
matter in tubers compared with the untreated plants
(control). In this connection, Shadeque and Pandita (1982)
found that CCC at S50 or 70 days after planting decreased fresh
weight of potato piant significantly with increasing the

applied rate.

¢} Whole plant dry matter :

Dry matter of whole potato plant during different
periods of growth in fall and summer plantations as affected
by various growth regulator treatments is presented in Table
{35). The accumulation of dry matter in the whole potato
plant increased by time up to the last sample, as the whole
dry matter is the sum of different plant parts i.e. leaves,
stems and tubers. Such increase was found to be siailar in

both plantations{fall and summer). Dry matter of whole potato
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plant was higher in fall plantation compared with summer in

most of the sampling periods.

Regarding the effect of GAs on dry matter of whole
potato plant, results chowed the same trend to that observed
with tubers as it is the largest proportion of plant dry
matter. The application of GAa in summer plantation decreased
the dry matter accumulation in whole potato plant, compared

either with the control or those sprayed with CCC.

This trend is mainly due to less tuber dry matter which
was reflected on whole plant dry matter. A reverse trend to
that was observed in fall plantation. In other words, the
application of GAs to potatoc plant in fall increased the
whole plant dry matter in all stages of growth. This trend
can be related to the increase in tuber dry matter. It can be
concluded that the role of GAs on the growth and dry matter
accumulative in potato plant depends mostly on  the climatic
factor than any other ecological factor. The effect differs
according to the time of plantation. In fall GAs enhanced the
whole plant dry matter, while in summer depressed such

accumulation.

As for the effect'of ccC on whole plant dry matter,

'result.--- showed that CCC application did result in a
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significant increase in whole plant dry matter over the
control and GAa. Such increase was found to be in fall rather
than in summer. The increase in whole plant dry matter by cccC
application can be related to higher tubers dry matter with
such treatment. It is worthy to mention that the lower cce
rate cseemed to be the best concentration as a slight
reduction in whole plant dry matter was observed by the

higher CCC level.

These results can be observed when comparing the effect

of CCC concentration on whole plant dry matter.
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4.8.1.5. Flowering of Potato Plant 3

The time of the year at which plant bloom is largely
controlled by its reaction to day length. Potato plant is a
long day plant. Some early varieties bred for temperate
climate require a day length of 15-17 hours. It can be
mentioned that during summer plantation, GAs treated plants
showed blooming and the plants flower (Photo. No. 2). Such
blooming observed in summer plantation may be related to the
effect of GAs on potato plant. In this period of the year the
day length is not suitable for potato plant to flower under
Egyptian conditions. It was proposed by many investigators
that $5Aa plays an important role as a part of florigin which
induces flowering of long day plants under unfavourable
conditions of day 1length and temperature. {Devlin and

Withman, 1983}.

Accordingly, BAs application in summer plantation may
induce flowering of potatoc plants under summer Egyption
conditions. In this connection, Black and Edelman (1970)
stated that auxin tends to inhibit flowering in short day
plants. Gibberellins, though cause flowering when applied to

long day plants, those which form rosettes in short days.
Moreover ; Gibberellin level in some long day plants rises in
long days. Nevertﬁéjgggzixlg gibberelliné ‘cannot be the

flowering hormone, partiﬁularly because.it does not inducee
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flowering in short day plants.

fs for fall plantation, the day length is less than
summer in which GAs effect did not cause the potato plant to
filower. Therefore, the day length is very important for
Gibberellin to cause the long day plants to flower. Thus GAs
effect will not cnmpgnion_ completely the photo-period, which
is very important in the induction of floweirng of long day
plants. In this respect Sat jadipura (1989) found that GRa
treatment increased the number of fruit/plant. The same
author (1989) pointed out that the use of 40 ppm GAs
increased the number of flowers and seed production of potato

plant.

It is worthy to mention that €CC (a growth retardent)
did not show any effect as, the same observed with GAa either
in fall or summer cultivatiun; The application of CCC on
potato plants did not induce blooming in such long day plant
as potato. Such compound is known as anti.Gibberelline which

inhibits either the formation or the rale of GAs.
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4.2.2., Potato Yield :
4.2.2.1. Tuber characters :

At harvest time, samples were collected from the final
tuber yield and alsc the following measurements were taken and
recorded in Table (3&6). Width, length and ratioc between
length and width, number of tubers per plant, average tuber
weight per plant, dry matter percentage, specific density and

tntal socluble solids.

a) Tuber length and width @

Data of Table (3&) showed that iength and width of
potato tubers were affected by growth regulators
significantly over the control. The length of tuber was
increased either by GAs or C€CC application. Houwever, the
increase in tuber length by the use of GAs was found to be
more and significantly than that caused by CCC. Such findings
may indicate that Ghe application at both rates stimulate the

length of potato tuber.

The contrary of the previous results were observed with
tuber width. The application of Ghs decreased significantly
tuber width without any significant effect between the two
used rates i.e. 100 and 200 ppm. However, the growth
retardant CCC increased the width of potato tuber

significantly over either the control or those plants treated
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Table (36 ):- Effect of some growth regulators on yield characters of potato plant in
summer and fall plantations.

Treatments
GA cce
Control 3 — - X ;yD
' 100 200 X 1000 2000 x -

Season 1989-1990: Summer plantation
Width of tuber{cm) 12.19 10.10 10.3C 10,20 11.5% 11.84 11.70 11.20 0.90
Length of tuber({cm) 12,80 19.49 17.10 18.30 15.99 15.10 15.55% 16.30 1.30
Tuber index=length/width 1.13 1.93 1.66 1.80 1.38 1.27 1.33 1.47 0.29
Number of tuber/plant 3.33 4.33 3.00 3.67 3.66 3.33 3.50 3.53 W.S
Tuber yield/plant{kg) 0.58 0.53 0.51 Q.52 0.84 0.85 9.85 ° 0.86 .10
Average tuber weight(kg) 0.17 0.12 0.17 .15 0.23 .26 0.25 0.19 0.09
Tuber dry weight % 23.30 23.99 24.01 24.00 24 .18 26.80 25.49 24.46 0.34
Tuber specfic weight 1.10 1.08 1.06 1.07 1.14 1.12 1.13 1.10 N.S
Total soluble solids 6.60 6.00 5.66 5.83 6.93 6.53 6.53 6.26 N.S
Season 1990-1991:
Width of tuber(cm) 12.40 9.93 10.01 9.97 11.50 11.63 11.57 11.09 0.80
Length of tuber{cm) 13.50 22.47 18.98 20.73 16.10 18.00 17.05 17.81 1.90
Tuber index:length/width 1.09 2.26 1.89 2.08 1.40 1.55 1.48 1.64 0.80
Number of tuber/plant 6.33 6.00 7.00 6.50 4.33 7.00 5.67 6.13 N.S
Tuber yield/plant(kg) 0.8 0.57 0.55 0.56 0.88 0.89 (.89 0.71 ©.20
Average tuber weight(kg) 0.11 Q.10 0.10 0.10 0.20 0.13 0.17 0.13 0.08
Tuber dry weight % 25.10 25.37 25.20 25.29 26.98 27.50 27.24 26.03 0.37
Tuber specific weight 1.08 1.06 1.06 1.06 1.13 1.15 1.14 1.10 N.5
Total soluble solids 5.70 5.8C 5.60 5.70 5.70 5.70 5.70 5.70 W.5
Mean of two seasons:
Widtn of tuber{cm) 12.29 10,031 10.20 10.11 11.%2 13%.73 11.63 11.15 0.60
Length of tuber(cm} 13.65 20.98 18.04 19.51 16.04 16.55 16.30 17.05 1.06
Tuber index=length/width i.11 2.09 1.77 1.93 1.39 1.39 1.41 1.55 0.30
Number of tuber/plant 4.83 5.16 5.00 5.08 3.99 5.16 4.58 4.83 M.S
Tuber yield/plant(kg) 0.63 0.55 0.53 0.54 0.86 0.87 0.87 ¢.69 0.10
Average tuber weight{kg) 0.14 0.11 0.14 0.13 0.22 0.20 0.21 0.16 0.02
Tuber dry weight % 24.20 24.68 24.60 24.64 25,58 27.15 26.37 25.24 ¢.21
Tuber specific weight 1.09 1.07 1.06 1.07 1.13 1.13 1.13 1.20 N.&
Total soluble solids 6.15 5.90 5.63 5.77 6.31 5.91 6.11 5.98 XN.S
Season 1989-1990: Fall plantation
Width of tuber(cm) 10.07 7.99 8.85 8.42 11.39 11.97 11.68 10.05 0.80
Length of tuber(cm) 13.15 18.90 22.30 20.60 13.88 16.00 14.94 16.3% 1.70C
Tuber index=length/width 1.31 2.36 2.29 2.33 1.22 1.34 1.28 1.70 0.3%
Number of tuber/plant 3.30 4.33 5.00 4.67 4,33 4,00 4.17 4,19 N.S
Tuber yield/plant(kg) 0.69 0.79 0.70 0.75 1.06 1.05 1.06 0.86 0.09
Average tuber weight(kg) 0.21 0.18 0.14 Q.16 0.24 0.26 Q.25 0.21 0.07
Tuber dry weight % 23.01 24.11 25.53 24.82 25.10 27.40 26.25 25.03 0.30
Tuber specific weight 1.07 1.02 1.01 1.02 1.08 1.10 1.09 1.06 HN.S5
Total soluble solids s 80 5.80 5.53 5.67 5.90 6.00 5.95 5.81 N.5
Season 1990-1991:
Width of tuber{cm) 11.64 10.69 10.45 10.57 11.46 12.46 11.96 11.34 1.10
Length of tuber{cm) 14.66 21.05 20.40 20.73 15.06 17.01 16.04 17.64 1.39
Tuber index=length/width 1.26 1.97 1.95 1.96 1.31 1.36 1.34 1.57 0.40
Number of tuber/plant 5.66 6.00 4.30 5.15 5.66 6.60 6.13 5.64 N.S
Tuber. yield/plant(kg) 0.7 0.91 0.7% 0.85 1.13 1.11  1.12  0.94 0.10
Average tuber weight(kg) 0.13 0.15 0.18 0.17 0.20 ©0.17 0.20 0.19 ©.09
Tuber dry weight % 24.80 26.80 26.00 26.40 28.30 26.50 27.40 26.48 0.29
Tuber. specific weight 1.05 1.01 1.01 1.01 1.07 1.09 1.08 1.05 N.S
Total scluble solids 5.66 5.76 5.26 5.51 5.73 5.50 5.62 5.58 N.S
Mean of two seasons: .
Width of tuber{cm) 10.85 9.34 9.65 9.50 11.42 12.21 11.82 10.6% ¢.70
Length of tuber{ cm) 13.90 19.97 21.35 20.66 14.47 16.50 15.49 17.24 0.90
Tuber index=length/width 1.28 2.16 2.12 2.14 1.26 1.35 1.31 1.3 0.30
Number yield/plant 4.48 5.16 4.65 4.91 4.95 5.30 5.15 4,92 N.S
Tuber yield/plant(kg) 0.72 0.85 0.75 0.80 1.09 1.08 1.09 0.90 0.05

Average tuber weight(kg) 0.17 0.17 0.16 0.17 0.22 0.22 0.22 0.19 0.05
Tuber dry weight % _4 23/90 25.45 25.76 25.61 26.70 26.95 26.83 25.75 0.20
Tuber specific weight 1.06 1.01 1.01 1.01 1.08 1.10 1.09 1.05 N.8
Total soluble solids 5.73 5.78 5.39 5.59 5.82 5.75 5.79 5.69 N.S5
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with BGRa. It can be mentioned that the increase in tuber
length may be reflected on tuber width. In other words, when

tuber length increased, tuber width decreased.

b) Tuber index :

The ratioc between tuber length and width is called tuber
index. Results of tuber index as affected by growth
regulators are recorded in Table {(36). Statistical analysis
showed that growth substances induced a significant response
on tuber index. GAs or CCC application increased tuber index
significantly over the control. Such finding is mainly due to
the effect of growth regulators on tuber length more than
their effect on width which resulted in higher values of
tuber index. Both substances increased tuber length compared
with the control. however, GAs caused more increase in tuber
length than €CC. This trend did result in higher tuber index
of those plants treated with GAs than plots sprayed with CCC.
Such pattern resulted in a higher values of tuber index of

plants sprayed with GAa compared with CCC.

It can be mentioned that 6As increased tuber length more
than width to produce longer tubers, while CCC increased both

measures to produce tuber with ndfmal shape.
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c) Number of tubers/plant :

Number of tubers/plant as affected by growth substances
is presented in Table {36). Data showed that either GAs oOr
£Cce did not affect number of tubers/plant and the values
are about the same. These results may indicate that such
character is controlled by genetics more than environmental

factors.

d) Tuber yield/plant :

Tuber yield/plant under the various growth regulators
treatments in fall and summer plantations is shown in Tabhle
{386). Statistical analysis showed that tuber yield/plant was
affected significantly by both substances i.e. 6GAs or CCC.
GAs decreased tuber yield/plant significantly campared either
with the control or those treated with CCC in summer
plantation at the two uced rates. On the contrary of that is
fall plantation. The application of GAa in fall did result in
a significant increase 1in tuber yield/plant by the lower rate
i.e. 100 ppm. However, the higher rate (200 ppm) showed a
slight increase in tuber yield/plant compared with the
control. These results can be attributed +to the effect of GAs

on potato growth thereby on tuber yield/plant.

As for the effect of CCC on tuber yield/plant, data

showed that it increased significantly by over the control or
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those treated with GAs in both plantations i.e. fall or
summer . The application of cecc retard shqatﬁ-grnwth’that was
reflected on tuberization which finally increased tuber
yield/plant. It can he mentioned that the increase in tuber
yield/plant by CCC application was found to be more in fall

plantation compared with summer one.

g} Average tuber weight :

Average tuber weight under the effect of growth
regulator treatments iz presented in Table €34). Results
indicate that growth substances had a significant response
upon such character. The use of CCC in fall or summner
plantation did result in a significant increase On average
tuber vyield compared with either the control or GhAa
treatments. However, GAa application did not show any obvious
effect upon tuber weight and the values are very close to
those obtained from control treatment. This pattern is

similar in both plantations i.e. fall or summer.

) Tuber dry matter percentage 3
The percentage of tuber dry weight as affected by growth
substances is shown in Table (36). Data indicate that tuber
dry matter percentage increased by the use of ECC in both
plantations. Such increase was found to be significant over

the control and GAs treatments. However, GAs increased tuber
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dry matter percentage in fall plantation only. This increase
was significant compared with the control treatment. On the
other hand, GAs application in summer plantation failed to
affect tuber dry matter percentage and the values obtained

were similar to those from controal treatment.

g} Tﬁber specific weight @

Data of specific weight for tubers showed that growth
regulators had no significant response on such character.
However , the values ogbtained from those treatments sprayed
with CCC showed a slight increase in tuber specific weight
specially in summer plantation. Such type of finding was
found to be not clear in fall plantation. In this respect
Shadeoque and Panita (1982), showed that foliar application
of CCC at (30) days after planting increased specific gravity

of potato tubers.

h) Total soluble solids 3
Total soluble solids of potato tubers as related to
different growth regqulator treatments (Table3s) indicate
that it was not affected by such treatments. The values
ohtained are similar as compared with control treatment.
These results are the same in both plantations i.e. fall or

sSummer .
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4.,2,2.2. Tuber Production :

Potato yield expressed in Tons/feddan in the two seasons
as well as in the two plantations under the effect of GAs and
CCC is presented in Table ¢37). Results clearly indicate that
tuber production in fall plantation put—-yielded the summer
plantation. This trend was o©observed in the two sSeasons of

study.

Regarding the effect of GAs on tuber production, results
did not show the same trend in both plantations. In other
words the foliar application of Ghs in summer did result in a
significant reduction in tuber production compared either
with the control or those plants treated with CCC. Such
reduction in tuber yield was decreased by increasing the rate
of GAs application i.e. from 100 to 200 ppm. The reverse of
that trend was observed when GAs was applied at fall
plantation. The application of BRa at the lower rate (100
ppm) increased tuber yield expressed as ton/feddan. This
increase was found to be significant over the control
treatment. However, when increasing the rate of 6Aa
application up to 100 ppm; potato did nnt' show any obvious
increase in tuber yield and the values are similar to the

control treatment.

These results may indicate that for fall plantation, the
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pronounced concentration was 100 ppm. More than that level,
did not cause any conspicuous increase in tuber yield but may
induce a slight reduction in potato production. The previous
results may explain that environmental conditions affect
greatly the behaviour of growth substances. The photo-period
requirements of potate plant reflected its effect on
tuberization which control the final yield or tuber yield. It
is worthy to mention that the use of GAs in summer plantation
induce potato plant to flower, this also, is another factor
which reduce tuber production. The plant directed some of its
effart for tuberization and part of it for flowering. The
total assimilated materials are divided between the two
directions one for tuberization and the rest for flowering.
Those may be the reasons for the reduction of tuber vyield

cbserved in summer plantation when GAs was applied.

In this respect Bodlaender et al. (1989) concluded that
GAs applied before the beginning of tuberization promoted
stem elongation,stolon growth and slightly retarded tuber
initiation., The high rate produced long curved tubers. GAs

stimulated flowering.

El Abed (1979), in Egypt, found that 6As application to
potato in late summer reduced yield specially at the high

concentration. The same author added that GAs at 5O ppm was
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ineffective in reducing yield in late nili cultivation.

As for the effect of CCE (a growth retardant) results
showed that the application of CCC increased tuber vyield.
Such increase was found to be significant compared with the
control plots or those treated with GAs. It can be mentioned
that both rates i.e. 1000 or 2000 ppm increased tuber
production over the control treatment. However, no obvious
increase in tuberization (tuber production) was pbserved
between the two levels of CCC. Thus, it can be concluded that
the most pronounced concentration for CCC was 1000 ppm. Such
tevel (1000 ppm) can be recommended for higher tuber

production.

The previous results can be explained on the bases that
growth retardant affects the shoot growth while enhanced
tuberization. This was reflected on the final potato
production or tuber yield. It is worthy to mention that the
increase in tuber yield by CCC application was found to be
more in fall plantation compared with summer cultivation.
This,again may assure that environmental factors affect the
behaviour of growth substances and their rtesponse on the
treated plants. In this connection Lis (1980) concluded that
application of CCE to potato accelerated tuber formation and

prolonged the tuber formation period. Golovko and Tabalenkova
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(1989) showed that using 0.7 % chlormequat solutiom, 23 days

after emergence did result in increasing tuber dry weight

yields by 30%.




159

1t appears as a reasonable hypothesis to assure that
hormonal regulation is involved in control of water potential
and membrane permeability and thus in the control of plant
water deficits. In accordance with this view, the response of
plants to environmental water stress 1is associated in a
requlatory fashion with changes in levels and activity of
various hormones in the plant. Such change may provide a
mechanism of adaptation of plants to varying environmental

conditions.

4.2.3.1. Actual Evapotranspiration :
a) Seasonal rates :

Seasonal water consumptive use of potate plant in  fall
and summer plantationsthrough the pericd of study as affected
by growth regulators is presented in Tables ({38 & 39).
Seazonal water consumption varies widely hbetween 317.5 and
371.7 mm in the fTirst season and between 334.4 and 4056.8 mm
in the second season for fall plantation. As for summer
plantation the values ranged from 480.6 to 389.7 mm in the
first season and from 437.5 to 606.9 mam in the second season.
It ic clear from the previous results that there are a slight
increase in seasonal water use in the second season compared
with the first one. Such trend was found to be true either in
fall or summer plantation. This pattern can be related to

differences in climatic conditions which affect the




160

(I1 uoseag) sied T

(IT uoseag) sheq Gz

(I uoseag) sAeqg 07 (I wuoseas) shed 9T »
L°TLE 8° 1S 2°6S £°%9 9°89 1°65 L70¢ 0°81 0ot X
G vPE £°8¥ 2°46% 8° 86 ¥°19 A £°02 08T 0°0¢€ X
7 Pee 9" LY 2 A ¢°SS 0° 8BS 0°1¢ 2°0¢ 0°8T1 0'0¢& 0002 00D
S PeE 0" 6% 0°95 £€°29 8° %9 0° %S ¥'0¢ 0°81 0° 0t 000T
0°"co¥ £°6% 27 e9 €EEL 9 9L S99 T°12 0°8T 0°0¢t X €
890V 079§ 0" %9 0°*¥L 9°LL 0°99 A ¥ 0° 81 0°0¢t 002 O
T L6t 95 ¥°eo A 9°9L 0°€9 0°1¢ 0*8T 0°ot 00T
L"G9¢ 8°Ta 2769 Gt LS 8°99 G°719 6°02 081 0°0¢ 0 TOAZIUOCD
T6-0661 uocseag
L®LPE B 'ZL 6°T9 A 0* 8§ 0" ¢v §°9T 9T 9 LT X
§5°0¢C¢t 0°L9 179§ G759 V€S  6°LE S 9T 691 9°LT X
S LTE 0°99 6° %4 0" %5 VARA] 9°6¢ 9°9T G971 9°LT 8161814 o000
v eze 0°89 Z°LS 0°LS 17 4 £°9F 9T S 9T 9 LT 0001
PTILE 0°9L ¥°99 0°69 7°€9 Z2°9% G991 §°oT 9°LT X €
T TLE 0 L 6'99 0°2L g°Z9 1°S% SS9t G°9T 9°LT 002 A
L°TLE 0°"8L 6799 0°99 67E9 €LY 691 S°9T 9*LT 00T
L°PSE 0" 8L ¢ ¥9 0°€9 B"9% g8 1% G791 S°9T 9°LT 0 TOA3UCO
06-6861 uoseasg
. TE-9T G1I-T TE-9T ST-T 0€~-9T ST-T .
1230l ¢Mwh ‘uer - oo - AON 2300 gusW3led ],
*sxojeTnbax yamoxb swos Aq poelzovezje
ge

uotjejueTd TTeF I03z jueTd ojejod Aq (uur) esn 2ATIdWNsUCO IS3eM -:(gf) 9Tqed




161

(II uosesg) sAed 1T

(I uosesg) sAed 0T s» *(1I uoseag) sAed 8 «
T 0ES 9°2% 8°L8 $°96 9°06 T 9L 6°LS O RA 4 9°9¢ X
B°99% ¢ 8P 0°SL ¥ 8L 7 ol 6°99 A ] o°2% 9°92z x
St LS 89V oL L°GL 2 PL L"59 T°28 (0 4 9°9¢ 000¢ elele]
T'9LY RSy 1= R ¥ 0°18 9 8L T°82 L PS5 0°29 g9z 000T
§°969 1789 2°20T 8°91TT ¥#°%0T 0°¥8 v 79 (O A 9°9¢ X €
67909 2°09 9°€0T €°02T 0°90T 8°S8 $°C9 VA 4 9°9¢ 002 w
0"98% 6766 8°00T €°€TT 8°20T <C°¢8 ¥°29 0°zZv¥ 9°9¢ 00T
g ¥2g S* 0% g8 v8 2726 6°T6 6" 8L 0° 89 (C A 4 9°'9¢ o TOI3UoD
1661-0661 ucseo§
¥°9tes £°8L 8°68 0°9v6 5" g8 ¥°98 L* 04 L°T% - X
L°S8Y 8°L9 L°SL 1°28 £ 6L 0°8L 27 0% L72% - X
9°08¥% T°59 0°GL T°¢8 1°6L G594 1°0S L*2S - 0002 000
8 06¥% v 0oL €94 1°28 G 6L S5°6L £°06¢ L*2S - 000T
¥°L8S ¢°68 Z2°G6 ¥LOT L°Le 8°¢t6 €19 L°2§ - X €
L°68S 6°€E6 8°06 T80T ¥#°86 S°¥6 £€°TS LTS - 002 A )
1°48S 768 9°66 9°90T &°96 0°€6 2 TS LTS - 00T
8°GES 6°9L 7°L8 T°16 5" 88 6°88 6'0% L°CS - 0 TOI3U0D
066T-686T uosesg
T€-9T &T-1 0E-9T GT-T TE-9T GT-€ .
Te30L NMSh Aen 112dy - ;th g3usu3eaay,

*sx03eTnbaa yimoab swos Aq poilve
-3Je se uotTjejuefd zsumms JoF jueTd ojejod Agq (um) o@sn satTidumsuod I8jepm -:(eg) ITARL




162

evaporative power of the air.

The values of seasonal water use by potato plant showed
that potato plant grown in summer did consume more water than
fall. This result is expected due to differences in climatic
factors prevailing through the growth period of potato in the
two sSeasons. If we consider the values of potential
evapotranspiration, this can explain why summer plantation
consume more water than fall growth season. The values of
potential evapotranspiration in summer were higher than fall.
Sclar radiation and temperature in summer months are higher
than winter months. In this respect, Chang(1971) showed that
the rate of evapotranspiration depends on the evaporative
pawer of the air ashdetermined by temperature, humidity and
net radiation. Doorenbos and Pruitt (1977) concluded that
from year to year, the monthly values of ET. show greater
variations. Daily values can vary drastically with low values
on days that are rainy, humid and calm, and with high values

on dry, sunny and windy days.

Regarding the effect of growth regulators on seasonal
water use by potato plant, results showed a great variations
on evapotranspiration. Seasonal water consumptive use by
potato in fall plantatiaﬁ were 354 .7, 371.7, and 371.1 mm

respectively for treatments sprayed with 0, 100 and 200 mm
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BAa in the first season. The corresponding values of the
second season were 365.7, 397.1 and 406.8 mm for treatments
in the same order. The respective values for summer
plantation were 535.8, 585.1 and 589.7 mm in the first season
and S524.5, 586.0, and &06.9 mm for the same treatments. The
previous results indicate that GAs application at both rates
increased seasonal water use by potato plant compared with
the control. This trend was found to be true either in falil
or summer plantation. Increasing the rate of GRs application
resulted in a slight increase in ceasonal evapotranspiration
by potatoc plant in both plantations. It is intersting to
mention that the increase in seasonal evapotranspiration
following the application of GRa was found to be more in

summer plantation than fall season.

The previous results can be explained on the basis that
GAs promotesthe growth of potato plant and increases the
transpiring surface {(ieaf area/plant) which was reflected on
the values of seasonal water consumption. In this respect,
Livne and Vaadia (1945) concluded that cytokinins and
apparently also G6ibberellic acid are unique among the
compounds which affect stomatal opening, in that they
simultanecusly promote stomatal opening and other
physiological processes. Kinetin enhances transpiration rate

and the opening of stomata. Also, the above mentioned results
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are in full agreement with those found by Eweida et al.
{1978), Seif El-vazal et al. (1983}, Miseha (1983), Abbas
{1992) who reported a considerable increase in seasonal
evapotranspiration rates by plants sprayed with 2, 4-D and
GAa.

In case of CCC, seasonal water use by potato plant in
fall plantation were 334.7, 3283.4 and 317.5 mm in the first
season and 3&65.7, 354.5, and 334.4 mm in the second Season
respectively for treatments sprayed with ¢, 1000 and 2000 ppm
£eC. The corresponding values for summer plantation were
535.8, 490.8, and 480.5 mm in the first season and 524.9,
476.1, and 457.5 mm in the serond season for treatments in
the same order. Results showed a reverse trend to that
cbserved with GAs. Potatoc plants treated with the graowth
retardant CCC showed a guite decresase in seasonal
evapotranspiration rates. Increasing the applied rate of cec
i.e. from 1000 to 2000 ppm did result in decreasing seasonal
evapotranspiration by potato plant. It is worthy to mention
that the decrease in water use by potato was found to be more

obvious in summer plantation compared with fall one.

" The reduction in seasonal water use by the application of
CCC can be related to the retarding effect of such chemical
on the growth of plants. It has been mentioned previously

that the growth of potato plant was reduced and the
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small and intercept little of the met radiation. A gradual
increase in the values of daily water use by potato plant
were obhserved as the plants developed. These results can be
attributed to the growth of plants and to the increase in
percent of crop cover. Thereafter, daily rates recorded its
maximum when plant aged from 70-835 days in fall and summer
plantations. These results may prove that the increase in
evapotranspiration is mostly related to the increase in
percent cover. When plants completely shading the ground,
maximum evapotranspiration attained. Also, such period is
considered as the period of tuberization and the plants
consume much water for the storage Brgans.> Then, daily
values of water use gradually decreased as the plants going
to maturity. In this respect Gates and Hanks {1267) concluded
that plant factors undoubté&ly influence evapotranspiration
from a crop. The greater influence among crops occur during
the growth period when the crop cover is < 30X complete.
During this time evapotranspiration of most irrigated crops
is less than where cover is greater, because evaporation from
bare soil decreases faster than transpiration by crops. It
éﬁbéﬁrs ;wlittle difference in evapotranspiration among many

——

crops after cover is > 30% until maturity.

Regarding the effect of growth substances i.e. GAs on

daily water use, results of Tables (40 & 41) showed an
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increase in daily evapotranspiration following the
application of such chemical. This trend can be relating to
the enhancing effect of GAs on the growth of potato plant as
well as on transpiration. On the contrary, when concerning
CCC treatments {(a growth retardant)} results showed an obvious
decrease in daily evapotranspiration. Such type of results
may be due to the reduced growth by CCC beside its effect on
the biosynthesis of GAs in those plants treated with CCC. It
has been mentioned previously that potato plants sprayed with
CCC are shorter and less in their growth compared with either
untreated or those sprayed with GRs. In this respect, Gates
and Hanks (19&7) pointed out that plant height and size
appears to influence evapotranspiration by greater
interception of advected heat. Thus plant height would affect
evapotranspiration of the taller plants were isolated in a
field. Miseha (1983) and Abbas (1992) pointed out that
plants sprayed with growth promoting substances increased
daily evapotranspiration and that developed at later periods
of growth. However, in case of growth retardants, a reduction

in daily rates was gained.

4.2.3.2. Crop Coefficient (Kg) :

The percent of crop cover and any modification on the
growth of plants either by promotion or retardation affects

the crop coefficient. Miseha (1983) concluded that any
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environmental factor that affects the resistance to vapour
giffusion may result in changes in crop coefficient either by
increasing or decreasing such values. Changes 1in crop
coefficient (KC) may affect directly the evapotranspiration

of a crop in COnRCern.

The growth season of potato plant can be defined to the
foclicowing stages :

1. Initial stage : early growth (20-30 days)after planting.

2. Crop development stage (30-40 days) after—Initial stage

3. Mid season stage (30-45 days) after Crop development stage
4. lLate season stage (20-25 days) after Mid season stage.
5. Maturation, after late season stage to maturity.

The crop coefficient of potato plant during its growth
seasen in summer and fall plantations is presented in Table
{42). The values were calculated according to the daily
potential evapotranspiration estimated by Penman’'s method and
actual water consumptive use for the control, GAs and CCC

growth substances.

Crop coefficient was low at the initial stage due to
less crop cover after planting. Then, crop coefficient
increased during the crop development stage. This is mainly

related to the increase in the percent of crop cover which
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Table (42):- Crop cofficient (Kg) of potato during different
periods of growth in summer and fall plantations
as related to growth regulators.

. Crop .
Ini- Mid Late _
tial devel- . .con season Matu=  goaso-
opment ration
stage stage stage stage 5-7 nal
20-30 g 30-45  20-25 (X.)
. days 30-40  ays days days ¢
days
Summer pléntation
* Season I 5.97 7 .80 8.39 8.74 9.81
Season 11 5.28 6.58 g.12 8.66 10.01
Mean 5.63 7.19 B8.26 8.70 9.91
++ Season I 3.81 5.46 5.90 4.75 3.90
Season II 3.13 4.71 6.09 5.02 4.59
Mean 3.47 5.09 6.00 4.89 4.25
Kc 0.62 0.71 0.73 0.56 0.43 0.65
* % Season I 3.82 5.83 6.74 5.23 4.60
GA3 Season II 3.20 5.04 7.36 5.67 4.60
Mean 3.51 5.44 7.05 5.45 4.60
Kc 0.62 0.76 .85 0.63 0.46 0.71
*x Season I 3.79 4.89 5.27 4.05 3.45
CCC Season II 3.07 4.08 5.15 4,57 4.38
Mean 3.43 4.49 5.21 4.31 3,92
Kc 0.61 0.62 0.63 0.50 0.40 0.58
Fall plantation
* Season I 5.39 3.91 4.10 3.5%4 4.16
Season II 5.06 3.98 4.35 4.09 4.19
Mean . 5.23 3.95 4.23 4.02 4.18
++ Season 1 1.10 2.15 4.01 3.92 3.90
Season II 1.20 2.23 3.97 3.70 3.70
Mean 1.15 2.19 3.99 3.81 3.80
Ko 0.22 0.55 0.94 0.95 0.91 0.67
bl Season I 1.10 2.33 4.30 3.85 3.80
GA3 Season II 1.20 2.30 . 4.73 3.95 3.95
Mean 1.15 2.32 4,52 3.90 3.88
K’c 0.22 0.59 1.07 0.97 0.93 0.72
Lk Season I 1.10 2.02 3.56 3.37 3.35 '
ccc Season II 1.20 2.10 3.82 . 3.45 3.45
Mean 1.15 2.06 3.69 3.41 3.40
Kc 0.22 0.52 0.87 0.85 0.81 .62

* Ppotential ET,estimated by modified Penman method in mm/day.
++ Control.
*#* Actual ET, in mm/day as the mean of two used rates.
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affects the diffusive resistance owing to the increase in
leaf area index. At mid season stage, crop coefficient was at
a maximum which represents the peak period of water demand by
potato plant. Also, such periocd is defined as the
tuberization period. Thersafter, crop coefficient decreased

at late season stage and at harvest time.

Regarding the effect of growth regulators on KE values,
results indicate that growth promoting suhstances (GAa)
increased such values. This increase is expected as the
promoting compound affects the growth of potato plant. The
transpiring surface (leaf area/plant) increased by the use of
such compound which finally increased the values of Kc. On
the contrary, the use of €CC a growth retardant caused a
decliine in the values of potato crop coefficient. The use of
€CC retardsthe growth of potato plant thereby increased the
resistance to transpiration and hence decreased the values of
KC. In this respect Abbas (1792) showed that the crop
coefficient was incfeased by the application of GAa. However,
when a growth retardant was applied, a decrease in Kc values

was observed.

4.2.3.3. Water Uptake :

#Water uptake by potato plant roots from different soil
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moisture depths as affected by growth regulators is presented
in Table (43) and illustrated in Figs. (3 & &) for fall and

summer plantation.

Results indicate that potato plant extracts about 804 of
its moisture need from the first fooct. However, more than 50%
was extracted from the 13 cm of the soil profile. This
pattern of results may indicate that potato plant is shallow
rooted plant and irrigation water must be applied frequently
to avoid any moisture stress. The previous results was found

to be similar either in fall a summer plantation.

Regarding the role of growth regulators on water uptake
by potato roots, results indicate no clear changes in the
percent of soil moisture depleted from different socil depths.
These results may prove that the growth substances affect
greatly the shoot system, while root system remain unchanged

or unaffected by such rhemical.

4.2.3.4. Water Use Efficiency :

Water use efficiency is defined as the quotient of dry
matter or marketable weight of a crop produced per unit area
over the depth of water reguired in evapotranspiratinn to

praduce the craop. Water use efficiency can be increased
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either by increasing crop productivity or decreasing losses
due to evapotranspiration. Crop productivity depends on such
plant factors as gains due to photosynthesis versus losses
due to diseases or pests. Hence, water use efficiency can be
influenced by such means dealing with crop production as well

as by improvement of water management.

a) Dry matter production 3

Water use efficiency expressed as kg dry matter/feddan/
m3 of water consumed in complete evapotranspiration for
potato as affected by growth regulators for fall and summer
plantations is presented in Table (44). Results showed that
the values of water use efficiency for summer plantation are

very low compared with fall plantation. This trend can be

discussed on the basis that @

1. Less dry matter preoduced per unit area in summer
plantation compared with the corresponding values of

fall.

2. Evapotranspiration in summer was higher than. that of

fall plantation.

Those two factors are the main reasons of lowering water

use efficiency values of sumser plantation than the
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corresponding ones of fall.

Water use efficiency values were low at earlier periods
of potato growth because the green cover had not been
established yet and dry matter production is very low.
Thereafter, water use efficiency values reached its maximum
values i.e. when plants aged &5 days. This trend was found to
be obvious in both plantations i.e. summer or fall. During
such period the canopy covered the ground and light
interception was at a maximum rate as the leaf area index was
high. After that, water use efficiency values started to
decrease again as the plants began. to mature. In this
connection, Abbas (1992} concluded that water use efficiency
was lower in the first period of growth (from emergence to 30
days) then reached a maximum from 30 to 73 days. Thereafter
water use efficiency redecreased again to reach a minimum at

the end of the season.

Concerning the effect of growth regulators on water use
efficiency values, results of Table (44) indicate that GAs
affects greatly the values of water use efficiency. Such
effect depends upon the growing season. In other words, the
effect of 6As on the values of water use efficiency in summer
plantation differs c ompletely than that obtained from fall

plantation. In summer plantation, the use of BAa wmith low or
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high rate decreased the values of water use efficiency at
later stages of growth i.e. 63 or 80 days after planting.
Such reduction was enhanced by increasing the rate of GAs
application from 10C +to 200 ppm.. However, a slight
increase in water use efficiency was observed at earlier
stages of potato growth (350 days from planting) by the use of
GAa. The previous results can be ascribed to the effect of
GAs on tuberization. In summer plantation, the plant directed
some of its effort on producing of flowers which affects the
produttion of tubers. The dry matter praduction/plant in
summer was less than the control due to less tuber weight.
Such decrease in dry matter did result in low water use
efficiency values for plots sprayed with' GAa. The reverse
trend to that observed in summer plantation was found from
fall plantation. The use of GAs improved the values of water
use efficiency. In other words, the application of GRs at
both used rates did result in increasing the values of water
use efficiency compared with the control. This pattern of
results is mainly due to higher dry matter production and
tubers in fall plantation compared with summer. Alsoc, the day
length is not so enough to induce the potato plant to flower
causing the plant to direct its effort for tuber production. The
previous factors resulted in the improvement of water use

efficiency values.
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In case of the growth retardant (C€CC), results of Table
¢44), showed that the use of such chemical increased the
values of water use efficiency in both plantations i.e.fall
or summer plantation. The growth retardant decreased the
shogt system while increased tuber production. At the sane
time, evapotranspiration was decreased. Those two factors
resulted in increasing water use efficiency values compar ed
with the controcl or those plants sprayed with GAs. It can be
concluded that for bitter water use efficiency values, potato
plant can be sprayed with a growth retar&ént (CCC) in both
plantation i.e. fall or summer. However, in case of GAs, it
can be used in fall plantation only. Thus, the use of Ghs in
summer plantation can not be recommended from the stand point

of water use efficiency.

b) Tuber yield :

Water use efficiency expressed as kg of tuber yield/
feddanfm3 of water consumed in fall and summer plantatinﬁsbaﬁ
affected by growth regulators is presented in Table {43).
Results indicate that water use efficiency values for fall
plantation were higher than that ochserved in summer. The
lower values of water use efficiency observed in summer
plantation is mainly due to less tuber production in summer
than fall plantation. Alsc, water consumption in summer was

found to be higher than fall plantation. When, the numerator
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was decreased and the denumorator increased, in the ratio,
lower values were gained. This may explain why water use

efficiency values obtained in summer plantation are very low

compared with fall plantation.

Regarding the effect of Gfs on the values of water use
efficiency, results did not behave in the same manner
according to the growth season i.e. fall or summer
plantation. In summer plantation, the use of GAs decreased
the values of water use efficiency. Such decrease was
slightly inhanced by the higher rate of GAs. This +trend can
be ascribed tp less tuber production in summer plantation. On
the contrary, the application of GAs in fafl rplantatinn
slightly improved the values of water use efficiency compared
with the control. This trend occurred at the low rate of GAs,
while a slight reductinn_in water use efficiency values were

gained from the higher application rate of Gfa.

As for CCC, results of Table (45) showed that the use of
this grawth retardant, a marked increase in the values of
water use efficiency was gained. This trend was Tound to be
obvious in both plantations i.e. fall or summer plantation.
This type of results is expected as the growth ;gzgrd#ﬁts.

increased tuber yield and at the same time reduced seasonal

evapotranspiration.
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In this connection, Miseha (1983) concluded that the use
of growth regulators may increase dry matter production more
than evapotransportation resulting in an increase in water
use efficiency. Such chemicals can improve the efficiency of
water utilization expressed as dry matter production pé; unit

of water consumed.
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4.2.4. Chemical Composition @
4,2.4.1. Mineral composition :

Results of nirogen, phosphorus and potassium concentra—
tion expressed as mg/g dry matter for leaves,stems and tubers
of potatoc plant at various stages of growth as affected by

some growth regulators are presented in Tables{46,47 and 48).

a) Nitrogen :

Nitrogen concentration of leaves and stems increased
by advancing age up to 635 days then slightly decreased. Such
decrease observed in the last sample (80 days) may be due to
the translocation of nitrogenous compound to the storage
organ. However, nitrogen showed a reverse trend to that
ochserved with leaves or stems. In other words, nitrogen
content decreased gradually as the tubers developed. this
reduction in nitrogen concentration of tubers might be
related to the increase in tuber size by accumulation of

carbohydrate compounds.

it ran be mention that 1leaves had higher nitrogen
content than those of stems or tubers. Also, tubers are the
least in nitrogen concentration compared with other plant
organs. Such pattern was found to be clear throughout the
growth cycle of the plant. Tubers mostly store carbohydrates

rather than any other compounds. It is worthy to mention that
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fzll plantation process more nitrogen than summer plantation.
This trend seemed to be true in the different plant or gans
which indicates that the growth of potato plant in fall is

better than summer plantation.

Concerning the role of growth regulators on nitrogen
concentration, results gained from Table (46) showed that the
use of GRa affects nitrogen concentration and that depends on
the season of plantation. In other words, the effect of Gfs
depend to a large extent on the time of plantation <{fall or
summer) and the organ of the plant. Alsc, the rate of &Aa
application affects such concentration. When GhRa rate
increased from 100 to 200 ppm, nditrogen concentration
decreased in most of sampling periods as well as in the two
plantations in different pliant organs. It can be mentioned that
GAs application seemed to decrease nitrocgen concentrations of
different plant organs in most of sampling periods. However,
in fall plantation, leaves showed higher nitrogen content
compared with the control. These results are mainly due to
the effect of such promoting substances on the absorption and
translocation of nitrogenous compounds from leaves to other
plant organs. In this respect, Anton (1991) showed that
growth substances accelerate the accumulation of nitrogenous
compounds in plants by many ways which include the uptake and

accumulation of nitrogen in different plant organs.
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A= for the effect of CCC, results showed that nitrogen
concentration increased in different plant organs during
different growth periods in both plantations by the use of
such growth retardant. Such type of results may be due tc the

inhibition of potato growth by such compound .

b) Phosphorus : Fhosphorus concentration of potato
leaves, stems and tubers throughout its growth cycle as
affected by growth regulators is presented in Table {47).
Rezults showed that phosphorus roncentration increased
gradually to reach a maximum when potato plant aged 63 days
then slightly decreased after that. Such decrease was found
to be true in leaves and stems only, while P concentration
increased continously up to the last sample in tuber. The
decreace in P concentration after the second sample may be
related to the translocation to  the storage organ of the
plant {(tubers). The previous results are gimilar in both
piantations i.e. fall or summer. It is worthy to mention that
leaves are higher in P concentration than either stems or

tubers.

Regarding the effect of GAs on P content, results showed
that BAs application reduced P concentration in different
plant organs during different periods of growth. This trend

was found toc be true in sSummer plantation. However, the
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reverse of that was obtained in fall plantation. Phosphorus,
concentration of the different plant organs increased by GA3
application : during its growth cycle. Such pattern can be
related to the effect of GAs on the growth of plants thereby

to the absorption and translocation of (F).

fc for the effect of CCC, results showed that it
increased P concentration of leaves,stems and tubers through-—
out its growth cycle. This pattern was found to be clear in

both plantations.

c) Potassium : Potassium concentration expressed as mg/g
dry matter in different plant organs for fall and summer
plantations as affected by GhRs or CCC levels is presented in
Table (48). Results showed that K concentration decreased as
the plant developed. This trend was found to be clear in
ieaves and tubers, while stem showed a continous increase in
{K) up to the second sample (&35 days), then decreased after
that. Potassium concentration of stem seemed to be higher
than either leaves or tubers. These results are similar in

both plantations.

Regarding the effect of growth regulators i.e. Ghs or
ccCc, oni{K) concentration, results showed that both substances

increased the level of (K) in different plant organs at
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different periods of growth in fall plantation. The exception
of that was gained in summer plantation. The application of
GAs decreased slightly K concentration in '1é;§E§, stems and
tubers during different periods of growth. This pattern was
observed from both GAs rates. However, the application of CCEC
increased K concentration in different potato plant organs at
various stages of growth. It can be concluded that growth
regulators affect greatly the growth of plants which was
reflected on the absorption and accumulation of K in
different plant organs. Such effect depends on the prevailing

environmental conditions i.e. the time of growth season.

4.2.4.2. Carbohydrate contents :
Data of carbohydrate concentration {mg.glucose/g dry
matter) in leaves, stems and tubers at different periods of

potata growth in the two plantations are presented in Tables

{49 and 30).

a) Total sugars @

Results showed that total sugars increased gradually up
to the second period (65 days) then decreased after that.
This trend was found to be true in leaves and stems. While
tubers showed a reverse pattern of that observed with both
jeaves and stems. Total sugars of potato tubers decreased by

advancing age. This reduction seemed to be related to changes
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of socluble sugars to starch. Also, the decrease in total
sugars observed in leaves and stems after the second sample
may be due to the translocation of such compounds to the
storage organ i.e. tubers. Alsc, the leaves of potato had
higher sugars content than stems. Moreover, leaves, stems and
tubers sugar content in falil plantation were higher than the
corresponding values of summer plantation. Such pattern can
be ascribed to earlier formation of tubers in Sumner
plantation compared with fall. Such earlier formation of
tubers requires more carbohydrates which translocate. from
leaves through stems to the new tubers. This can explain the
iower values of total sugars observed in summer plaﬁtatiun

when compared with fall.

Regarﬁing the effect of GAs and CCC on total sugars,
results showed that both growth regulators increased the
concentration of total sugars of leaves,stems and tubers than
the control. The exception of the previous results was found
to be in summer plantation. The use of GAs seemed to decrease
clightly the amount of total sugars in leaves only when

compared with the control.

In this connection, Bozova and Kerin (1980) showed that
the application of CCC increased the monosaccharide content

of leaves. Differences in leaf sugar contents of treated and
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control plants disappeared only after planting out in the
field. Early sugar accumulation in tomato seedling was due
mainiy to the stimulation of photosynthesis by CCC. Devlin
and Witham (198%2) concluded that 18A and GAs increased total
amount of translocated photosynthetic products and the rate

of translocation of such compounds.

b) Total carbohydrates :
Results of total carbohydrates of 1leaves , stems and

tubers for potato plant in bath plantations throughout its
growth cycle are presented in Table {50)}. Data indicate that
the values of total carbohydrates increased as the plant
developed to reach a maximum when plants aged &3 days, then
decreased after that. The exception of that was found to be
true with tubers which showed a continous increase in total

carbohydrate concentration by advancing age. This pattern is

mainly due to.the translocation of carbohydrates from leaves

to the storage organ i.e. tubers. It can be mention that the
values of total carbohydrate in fall plantation were higher
than the corresponding values of summer. These results may
prove that climatic factors affect the growth of potato plant
which was reflected on the total carbohydrate content of the

various plant organs.

Regarding the effect of 65ha or cec on total
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carbohydrate, results = showed that GAs or CCC increased
the amount of carbohydrate in leaves, stems and tubers in the
different tested periods. These results were found toc be
clear in fall plantation for both substances and CCC only 1in
summer plantation. The exception of that was when Ghs used in
summer plantation. The application of Ghs with two ievels
seemed to decrease the amount of total carbohydrate in
leaves, stems and tubers. This type of results may indicate
that the growth season affects greatly the response of plants
to such growth substances. The previous findings are in
agreement of Alam and Islam {(1989) who concluded that the
foliar application of CCC on potato plant increased sugar and

starch content of tubers.

4.2.4.3. Leat Plastid Pigments :
The values of chlorophyll a & b, and caroten in terms of

mg/g fresh weight during different growth periods of potato
growth is presented in Table (51). Also, the proportion
between the different chloroplast pigment fractions were
estimated and illustrated in Table {31). Results indicated
that chlorophyll a and b increased as the plant developed,

‘however , carpotenoides showed slight variations by advancing

age.

The two plantations i.e. fall and summer showed some
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variations in the different plastid pigments. This trend can
be related toc the difference in environmental conditions
under both growth sSeasonS. The 1less concentration of
carotenoids observed in fall plantation compared with summer
indicate that light intensity i.e. radiation and sun shine
duration seemed to have a role on the concentration of
photosynthetic pigments. This means that sun shine duration
has a role in the regulation of the biosynthesis of such
pigments. This may explain the variation in plant growth

under the two plantations.

Concerning the effect of GAs and CCC on leaf pigments,
results showed that both substances affect the photosynthetic
pigments either the formation or the balance between their
fractions. GhRAs seemed to reduce the concentration of
chlorophyll a and b, while CCC increased such concentration.
In this respect Alam and Islam (1989) concluded that total
chlorophyll content was increased by the use of cCC.
However, 100 ppm NAA reduced the vaiues of chlorophyll

content.




