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ABSTRACT

Two field experiments were carried out in the Experimental Farm of the
Faculty of Agriculture, Moshtohor, Benha University during two successive summer
seasons of 2006 and 2007, to study the effect of irrigation imtervals (5, 10 and 15
days) and potassium fertilization (72, 96 and 120 kg K;O /fed. on vegetative growth,
yield and quality of Jerusalem artichoke. Obtained results indicated that increasing
water supply, i.e., irrigation every 5 days by intervals increased all the studied growth
parameters i.e., plant length, fresh weight of plant and number of main stems per
plant. Whereas, the dry matter percentage were significantly affect by decreasing the
amount of irrigation up to 4072 m’/fed regime. Increasing the application of
potassium levels from 72kg K;Offed. to the highest used one(120 kg K O/ed.)
significantly increased all measured growth aspects i.e., plant fresh weight of plant
foliage and number of main stems per plant as well as the dry matter percentage in
plant foliage, The interaction between irrigation regime and potassium application rate
had a significant effect on ail measured growth aspects. In this respect the highest
recorded values were obtained as a result of irrigation every 10 days by intervals and
application of the highest used level (120 kg X:O/ed) of potassium fertilization.
Increasing the number of irrigations during the growing season i.¢., irmigation every 10

- . or 5 days by intervals increased the total tuber yield and its components (number and

weight of tuber /plant, average tuber weight as well as total produced yield/fed.). The
highest concentration in all assayed chemical constituents was increased in case of
irrigation every 10 days by intervals. Increasing the rate of potassium application at
the highest level (120 kg K;O/fed.) significantly increased the concentration of total
nitrogen, phosphorus and potassium as well as inulin in produced tubers. The highest.
values of N, P, K and inulin concentration in tuber in both seasons were recorded as a
results combined with the application of 120 kg K;O/feddan and irrigation every 10
days by intervals. Finally, it could be concluded that under this situation treatment of
irrigation every 10 days by intervals and application of potassium at 120 kg KO /fed.
was the best for maximizing the growth and produced yield of Jerusalem artichoke.

INTRODUCTION
Jerusalem artichoke (JA) (Helieanthus tuberosus L.) is a new crop in Egypt.

It has been grown to produce the tubers that can be used for many purposes i.e.,
human-diet, medical and industriali applications (Fuchs, 1993 and Meijer and
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Mathijssen 1993). Agricultural practices especially irrigation and fertilization rate the
primary limiting factors for crop production under arid and semi-arid conditions .in
this regard, Hussain ef af., (2004), reported that water deficit had a great effects nearly
on all the plant growth processes. However, the stress response depends upon the
intensity, rate and duration of exposure and the stage of crop growth Wajid ef al.
(2004). When considering a watering regime for a crop, it is wise to understand the
sensitive growth stages for water stress and the water requircments of the crop in
order to achieve maximum yield and maintaining adequate soil moisture conditions
during meoisture sensitive stages of growth, so irrigation water may be saved if soil
water could be depleted to a greater extent during certain growth stages without
affecting yield. Currently, foliar-applied nutrients have limited direct use for
enhancement of stress resistance mechanisms in field crops. Nevertheless, the
interactions between plant nutrient levels-and stress repair mechanisms are now being
studied In this regard Losavio ef al, (1997) found that the highest mber dry matter
yield of Jerusalem artichoke was 10.7 t/ha. with applying 256 mm of irrigation water,
In addition, the medium irrigation superior in terms of sugars content. Furthermore,
Neri et a/. (2002) who studied the decreasing water condition starting from restoration
of 100 % ETM to the only supplemental irrigation to evaluate the effect of very little
irrigation on JA. who fourd that biomass and sugar yields were increased in the aerial
parts compared to the non-irrigated treatment. On the other crop, Abo-Sedera et al.
(2004) on taro suggested that water supply, i.e. irrigation every 1/2 week by intervals
throughout the growing season increased all vegetative growth characteristics. On the
other hand, increasing the irrigation inervals from 1/2 up to 2 weeks led to a
significant decrease in the concentration of macro-nutrient of plant leaves and corms.

Potassium is the most prominent inorganic plant solute and is the only
mineral nutrient that is not a constituent of organic structures. Its function is mainly in
osmoregulation, the maintenance of electrochemical equilibria in cells and its
compartments and the regulation of enzyme activitics (Hsiao and Lauchli, 1986).
Potassium has a crucial role in the energy status of the plant, translocation and storage
of assimilates and mainignance of tissue water relation. K plays a key role of crop
quality (Imas and Bansal, 1999). It improves size of tubers and stimulates root
growih. It is necessary for the translocation of sugars and formation of carbohydrates.
K also provides resistance against pest and diseases Marschner 1995, and drought as
well as frost stresses. Soja et ol (1990) on Jerusalem artichoke found that nutrient
regimes without adding potassium and phosphorus but including N depressed the
yield of tubers by 8-23 %. Potassium is also improving vegetative grawth, tuber yield,
and chemical composition of Jerusalem artichoke El-Sharkawy, 1998).

MATERIAL AND METHODS

The study was carried out at the experimental Farm of the Faculty of
Agriculture, Moshtohor, Benha University during two successive summer seasons of
2006 and 2007, to investigate the effect of irrigation intervals (5, 10 and 15 days) and
potassium fertilization (72, 96 and 120 kg K,O /fed). on growth characters, tubers
yield and its components as well as chemical composition of Jerusalem artichoke
{Helieanthus tuberosus L.), ¢v. local under the El-Kalubia conditions. The soil of the
experimental field was loam in texture with pH 7.5. The mechanical and chemical
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analysis of the soil was determined according to the methods described by Jakson
(1973), and are shown in Table (1).

Table (1): The main physical and chemical properties of the experimental soil
during 2006 and 2007 seasons,

, 2- chemical analysis as meq/100 g, soil:
| pH (1:2.5 suspension)

| Organic matter %

Data presented in Table (2) show average monthly temperature, relative
humidity percentage and quantity of rainfall at Kalubia Governorate in the region
surrounding the experimental site during the two seasons of experimental work.

The experimentat design was a split plot design with three replicates. Tubers
{seed tubers) were planted at 60 cm a part within rows of 60 cm width and 4 m length
on 21% and 22*' of March in the two scasons of study, respectively. Jerusalem
artichoke tubers were obtained from Hort. Res. Inst., potato res. Department, ministry
of Agriculture, Dokki Giza. The area of the experimental plot was 12 m” and included
6 ridges where fife ridges were planted and the sixth one was left with out planting as
a grad ridge between plots to prevent fertilizers and water movements from any plot
to adjacent one. The experiment included 9 treatments, 3 irrigation intervals (5, 10 and
15 days) within 3 potassium levels (72, 96 and 120 kg K,O/fed.). The water regime
treatments were distributed in the main plots and potassium levels were located in the
sub plots. The amounts of chemical fertilizer (potassium) were divided into two equal
portions and added at 40 and 70 days afler planting. In addition, nitrogen and
phosphorus were added as the recommended dose. Tubers were irrigated directly after
planting, then three weeks later, and at intervals of 10 days from each one. All the
plots were equally irrigated. Afier one month from planting, the water regime began
for the different irrigation treatmenis as indicated in Table (3).

Surface irrigation was used through weir to regulate the rate of water flow
and to calculate the quantity of water applied for each plot.
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Table (2): Average monthly temperature, relative humidity (%), and quantity of
rainfall at Kalubia Governorate in the region surrounding the
experimental site through the two seasons of the experimental work.

Temperature (C°)
Max.

23.20
31.40
33.70
33.61
32.40
31.40

29.70
32.46

34.33
35.36
35.56

Table (3): Irrigation treatments as irrigation intervals in days, pumber of
irrigations and quantity of applied water (m*/f ed.) during 2006 and
2007 seasons,

Quantity of water Quantity
(m*ffed.) received water(m'/fed.)
before treatments received after
application during treatments
seasons of 2006 and application
2007.

2006 | 2007
2006

5350 | &7
550 2150

=
£
s
2
24
12

The quantity of water applied for experimental plot was calculated by usmg
the following equation mentioned by Khurmi (19%0).

=Cala2. [2gh
\/ at’- a2

Q=quantity of water flowing through the venturiflume.
C= coeflicient of discharge =0.7.
a;= area of flow in channel = b;h,.
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a,=area of flow in throat = bsh..
bl=width of channel.

by=width of throat.

hi=depth of water in throat.
h=difference of depth of water.
h=h1 —hz.

g=acceleration equal to 9.81 m/sec.

Data recorded:
1- Growth characteristics:

Vegetative growth aspects of girasol plants were measured at 120 days afier
planting. Representative sample of 3 plants from each experimental plot was taken for
measuring the vegetative growth aspects as follows: Average plant length (cm);
measured from the soil surface up to the top of the plant. Average number of main
stems/plant; fresh weight of whole plant (kg). )

2- Yield and its components:

At harvesting time (180 days after planting) all tubers of each experimental
plot were harvested after removal of plant foliage above ground surface, then tubers
were cleaned from the soil and the following data were recorded: Total tuber yield per
plot was weighted and converted into (tonsfed.). Average number of tubers per plant.
Weight of tubers /plant. Average tuber weight, (weight of tubers per plant / number of
tubers per plant). Percentage of tuber dry matter, a reprehensive sample of 100 g from
fresh weight of tubers were taken and dried in an electric oven to constant weight at
70 °C and the dry matter percentage was calculated .

3- Chemical constituents

In the dipested dry matter of tubers nitrogen was determined according to the
methods by Pregl (1945) using micro-kjeldahl apparatms. Meanwhiie, phosphorus was
estimated calorimetrically according to the method described by Murphy and Riley
{1962) modified by John (1970). Furthermore, potassium was determined fiam-
photometrically as described by Brown and Lilleland (1946). Tuber concentration of
inulin was determinate according to (Winton and Winton, 1958).

All obtained data were subjected to statistical analysis according to SAS
Institute (1989) including L.S.D. values to show the significant character.

Water and potassium use efficiency; Water use efficiency (WUE) is defined
as the relationship between units produced and volume of irrigation water applied
{Sinclair ef af., 1984). Potassium use efficiency (KUE) by plants calculated as kg of
the tubers yield produced by each unit of potassium nutrients used.

RESULTS AND DISCUSSION

i-Vegetative growth characteristics.

Data presented in Table (4) show the effect of irrigation intervals and
potassium fertilizer levels as well as their interaction on vegetative growth parameter
of girasols plants expressed as plant height, number of main stems/plant, plant fresh
weight and dry matter percentage of plant foliage during the two scasons of growth.
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Table (4): Effect of irrigation intervals, potassium levels and their interaction, on
growth characteristics of Jerusalem artichoke during seasons of 2086

kg (K;Offed.)

72
9%

L.S.D.

72
S days 96

72
10 days 96

72
15 days 96
120
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a- Effect of irrigation intervals.

Obtained data in Table (4) show clearly that all the studied growth
parameters i.e., plant height, number of main stems per plant, fresh weight of plant as
well as the dry matter percentage were significantly affected by the rested irrigation
regime treatments during both seasons of growth. In this respect, increasing the
irrigation intervals from 3 days by interval to 15 days consistently and continuously
decreased all morphological parameters of plant. However, it increased the dry matter
percentage of plant foliage, On the other hand, increasing the amount of irrigation
water from 4072 m’/fed up to 7460 m’'/fed reflected the highest values of plant
height, number of main stem/plant and the fresh weight of plant. On the contrary it
decreased the dry matter percentage. Obtained results are similar during the two
seasons of study. Such increment in plant morphological parameters due to the
reduction of irrigation intervals may be due to the main role of irrigation water
increasing the availability and diffusion as well as the uptake of macro and micro-
nutrients by plant which affect greatly on plant growth, Also the reduction in plant
growth due to the deficiency of irrigation water might be due to the lack of water
absorption by plant which inturn affect on the role of photosynthetic assimilation
insufficient water condition. Similar results were recorded by Cooper, 1980, Sharma
et al., 1984 and Magda et ol (2007) all working on girasol and Abo Sedera ef al.,
2004a on taro,

b. Effect of potassium fertilization,

As for the effect of potassium fertilization, the same data in Table (4)
indicate that increasing the application of potassium levels from 72 kg K.Offed. to the
highest used one (120 kg K,O/fed.) significantly increased all measured growth
aspects i.e., plant fresh weight of plant foliage, number of main stems per plant, fresh
weight of plant foliage as well as the dry matter percentage in plant foliage during the
two growing seasons. Such increase in plant growth traits due to higher mates of
potassium fertilizer my be attributed to the role of K as an essential element for plant
growth which affect positively on photosynthetic assimilates and absorbed macro-
elements which had a positive effect on plant growth. In this respect, Soja et al., 1990,
Mansour et al., 2000, Tawfik et al., 2003 and Magda et af., 2007 recorded similar
results on Jerusalem artichoke.

C-Effect the interaction.

Concerning the effect of the interaction, the same data in Table (4) indicate
that the interaction between irrigation regime and potassium application rate had a
significant effect on all measured growth aspects. In this respect the highest recorded
values were obtained as a result of irrigation every 10 days by intervals and
application of the highest used level (120 kg K;O/fed.) of potassium fertilization.

2-Yield and its components.
a~ Effect of irrigation intervals,

Data in Table (5) indicate that increasing the number of irrigations during
the growing season i.¢., irrigation every 10 or 5 days by intervals increased the total
tuber yield and its components (number and weight of tuber /plant, average tuber
weight as well as total produced yieldfed) on the other hand, the dry matter
percentage was decreased with increasing the amount of irrigation water used
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throughout the growing season, Similar trend was recorded during the two seasons of
growth. In this regard, the increasing in total yield either per plant or feddan are
connected with the increasing in number of tubers produced by plant and the
increasing of average weight per tuber. Moreover, increasing the nurnber of irrigation
i.e., irrigation every ten days exhibited the highest number of tubers/plant as well as
the total produced yield either for plant or feddan compared with other irrigation
treatments (irrigation every 5 or 15 days by intervals). Obtained results are connected
with those recorded in case of vegetative growth parameters (Table, 4). In this regard,
Magda et al. (2007) reported that number of tubers/plant and total produced yield per
feddan were increased with increasing soil water up to 70 % of field capacity
compared with other tested irrigation treatments (40, 60 and 100% of field capacity.

b. Effect of fertilization,

With regard to the effect of potassium fertilization, the same data in Table
(5) show that all the studied yield parameters were significantly increased as the rate
of potassium application increased up to the highest used level (120 kg K;Ofed)).
Obtained results are true during the two seasons of growth. In this respect, the positive
effect of high rate of potassium on total tuber yield and its components might be
attributed to the role of potassium as a macroclement in assimilation and
translocation of plant synthetic assimilated molecules from the organs of synthesis to
the storage organs (tubers). Similar results were recorded by Soja e al, 1990,
Mansour et af. 2001, Tawifik ef al., 2003 and Magda ef al., 2007.

b- Effect of the interaction,

Regarding the effect of the interaction between irrigation treatments and
potassium levels on total produced yield and its components, results at Table (3)
reveal that the highest tuber yield for both plants and feddan and the number of
produced tubers as well as average tuber weight were obtained due to the immigation
with 5265 m’/fed. during the growing season (irrigation every 10 days intervals) and
application of the highest level of potassium fertilization(120 kg K,O/feddan. Similar
trend was reported by Abo-Sedera ef al., (2004b) on taro.

3-Chemical constituents of tubers.
Data in Table (6) show the effect of irrigation regxme potassium fertilization
and their interaction on N, P, K and inulin concentration in produced tubers during

both season of growth.

a-Effect of irrigation intervals.

Such data in Table (6) show clearly that total nitrogen, phosphorus and
potassium as well as inulin concentration in produced tuber were significantly
increased with increasing the amount of irrigation water i.e., shortening the irrigation
intervals during growing season. In addition, the highest concentration in all assayed
chemical constituents was recorded in case of irrigation every 10 days by intervals.
Such increments in the concentration of macro-clements due to the higher ratc of
irrigation water my be due to the increasing of nutrients solubility and their
availability to absorption and uptake by plant and in turn increased their accumulation
in produced tubers. Obtained results are in agreement with those reported by Magda er
al. (2007} on girasol and Abo-Sedera et af. (2004a) on taro.
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Table (5): Effect of irrigation intervals, potassium levels and their interaction, on
yicld and its components of Jerusalem artichoke during seasons of
2006 and 2007,

. at 0.05
72
96
120
, at 0,05
72
9%
120
72
9%
120
72
9%
120
L.S.D, at 0.05
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Table (6): Effect of irrigation intervals, potassium levels and their interaction, on
inulin, nitrogen, phosphorus and potassium (mg / 100 g D.W) content
of Jerusalem artichoke during seasons of 2006 and 2007.
Season . 2006 2007
Treatments

Irrigation | FOISSIUM | N p K puin| N P K Inulin
Intervals mp (mg mg (%) {(mg) (mg) (mg) (%)

kg
02) | &,0fed)

5 days 1393 283 3135 1424|1261 288 3014 1422
10 days 1511 432 3645 1769|1563 448 3612 17.53
15 days 1172 260 2008 14041174 268 3014 13.93
Lﬁgs' at 47.20 20.08 11686 167 |S8.04 23.39 12583 1.48

72 1216 272 3038 14.84 |1237 280 3005 14.71
9% 1313 313 3218 153071313 325 3179 1528
120 1443 390 3536 15.84 11448 399 3533 1570
L.S.D. at 0.05 4143 1656 90.20 1.76 159.84 10.76 93.63 1.42

72 1218 246 2908 138311229 242 2835 13385
5 days 96 1295 292 3163 14.22§1258 299 3105 14.30
120 1368 312 3346 146711298 323 3333 1452
72 1359 347 3434 1707 )1425 384 3425 1697
10 days 96 1510 383 3560 17651499 400 3503 17.35
120 1664 566 3941 183611766 560 3910 18.08
72 1071 224 2773 13621059 215 2756 1331
15 days 96 1150 265 2931 1403 J1183 275 293¢ 13.99
120 1296 291 3320 1448|1280 314 3356 1449
L.S.D. at 0.05 71.76 28.68 156.23 4.52 147.57 18.63 162.18 492

b-Effect of potassium fertilization.

The same data in Table (6) indicate that increasing the rate of potassium
application from 72 up to 120 kg K, O/fed. significantly increased the concentration of
total nitrogen, phosphorus and potassium as well as imulin in produced tubers during
the two season of growth. The recorded results are similar to those reported by Magda
et al. (2007).

c-Effect of the interaction.

Results in Table (6) reveal that the interaction between irrigation treatments
and K fertilization rate had a significant effect on N, P, K and inulin concentration
during both seasons of study. The highest values of N, P, K and inulin concentration
in tuber in both seasons were recorded as a results combined with the application of
120 kg K Offed., while the lowest values were recorded in case of irrigation every 15
days by intervals and using 72 kg K,O/fed.

d-water and potassium use efficiency (WUE).
a- Effect of irrigation intervals.

Concerning the water use efficiency expressed as m’/kg produced yield as
affected by applied water frequency data in Table (7 and fig. 1) show clearly that the
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amounts of water require to produce one kg of tubers was increased with decmmn%
water supply from 5 up o 15 days by intervals. In this respect, irrigation by 5265 m
gave the highest values.

With respect to the effect of potassium use efficiency (kg yicld’kg X,0) data
in Table (7 and fig.2) indicate that the utilized potassium was decreased with
increasing the number of irrigations frequently.

b-Effect of potassium.

Regarding the water use efficiency as affected by potassium fertilization
levels the same data presented in Table (7) and fig. (1) show that the amounts of water
required t0 produce one kg of tubers was decreased with increasing levels of
potassium application rates up to 120 kg K,O/fed.

Concerning the effect of potassium use efficiency the same data show that
the amount of potassium required to produce one kg of tubers was increased with
increasing the used levels of potassium fertilization during both seasons of growth.

Table (7). Effect of irrigation intervals and potassium levels oo water and
potassium use efficiency of Jerusalem artichoke during seasons of
2006 and 2007,

Season 2006 2007

Treatments

Potassium
Levels
kg
(K;O/fed.)

Irrigation
Intervals
(day)

Water use
efficiency
(m/kg)

Potassium
use
efficiency
(kg
yield/kg
K;0)

Water use
efficiency
(m*fkg)

Potassium
use
efficiency
(kg
vield/kg
K;0)

S days

4.45

461

4.16

431

10 days

7.22

396

7.03

385

15 days

6.96

236

6.83

233

L.S.D.

0.23

26,12

0.58

23.71

5.95

349

5.61

329

6.22

364

6.18

356

6.46

380

6.28

365

L.S.D,

0.217

9.66

0.34

16.83

72

4.22

437

4.03

418

5 days 96

4.42

458

4.17

433

4.70

487

4.28

443

72

7.09

389

6.45

354

10 days 96

721

395

7.11

390

7.38

403

7.52

412

72

6.33

222

6.35

215

15 days 96

702

238

7.24

246

120

7.32

248

7.06

240

L.S.D. at 0.05

0.37

16.74

0.39

29.15
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Water use efficlency (mi/kg)

L] i0 18 L] i0 16
Irrigation days intervals

LED =t 305 TO06= 837
TET = 05N

Fig.(1): Water use efficiency (m3/kg)

e 2006 2007

100

Potassium use afficiency (kg yisldikg K20)
§

] 10 15 5 i0 15

Iirigation days intervails
LE.D.et .05 2008 = 16.74
2067 = 2915

Fig.(2): Potassium use efficiency (kg vield’kg K20)

Figs. (1 and 2): Effect of the interaction between irrigation intervals and
potassium levels on water and potassium use efficiency of
Jerusalem artichoke during seasons of 2006 and 2007,

c- Effect of the interaction.
As for the interaction effect, it is obvious from data in Table (7) and fig. (1)
that decreasing the amount of water supplied to the plant either through longest the
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irrigation intervals, ie, (irrigation every 15 days) or decreasing the irrigation
frequencies throughout the growing season and increasing potassium levels up to the
highest rates one (120 kg K,O/fed. resulted in the highest water use efficiency values.
In this respect, El-Zohery (1999) and Abo-Sedera et af (2004) on taro.

The same data presented in Table (7) and fig. (2) indicate that decreasing
water supply and increasing potassium application up to the highest rates during both
season reflected the highest values of potassium use efficiency.
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