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ABSTRACT
Two field experiments were carried out during two successive
seasons of 2002 and 2003 at the Experimental Farm of the Faculty of
Environmental Agriculture ‘Science, El-Arish, Suez Canal University -
to study the effect of irrigation water quantity and different rates of
complete fertilizer on the growth rate, flowering characters and plant

nutritional for Tagetes erecta L., Zinnia elegans J. and Gomphrena

globosa L. plants.

The obtained results showed in most cases that application of -
irrigation water at level of (800 m*/fed.) being the most effective and
favorable treatment on increasing plant growth rate and flowering
characters per piant and unit area. That was followed by irrigation
water with (600 m /fed.) while, application of the lowest level of
irrigation water (400 m’/fed.) being recorded the minimum values.

On the other hand, application of complete fertilizer (Sangeral) at
the rates of 0.5, 1.0 and 1.5% through irrigation water (fertigation
methods) recorded the maximum values of plant growth rate and
flowering characters but without significant differences between them
in most cases. Whereas, application of eomplete fertilizer (0.1%) being
the superior treatment regarding total carbohydrates and plant
nutritional status (N, P and K content), while the lost rate (0.5%)
showed the minimum values in this respect. The interaction between
the two factors of study in general, reflect significant effect on most
studied parameters except few characters which were fluctuated in the
tWO seasons. '

Key words: Irrigation water quantity, complete fertilizer, fertigation
method.
INTRODUCTION
The African marigold (Tagetes erecta L.) is grown in the open
field as a back ground for annual flowers in the gardens, as cut flowers,
besides it has also medicinal uses, (Szabo and Papp 1975).
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Zinnina (Zinnia elegans 1.) is one of the most useful flowering
annualsforgardens.Itcanbeusedinﬂowerbed,bordersandasacl_n
flower. The two plants belong to family Asteraceae and are grown in
summer months. Globe amaranth (Gomphrena globosa L.) Family
Amaranthaceae is one of flowering annuals bedding plants 'usually
used as a source of colors in the gardens in addition to its easy
retaining the shape and colour winter and dry arrangements.

Productivity of plants under the conditions of sandy soil depend
on application of the optimum quantity of irrigation water and
fertilizers rate as well as, choosing the suitable method of fertilizer
application. Moreover, previous studies reported that increasing soil
moisture content and /or irrigation water quantity in sand soil greatly
promoted the growth rate and the productivity of various ormnamental

lants.

F It has been proved, particularly in the recent time, that for
reaching maximum utilization efficiency of fertilizer and further
increase of crop yields under sandy soil conditions, it can be achieved
by possible means such as fertigation frequency, suitable fertilizers and
adequate quantity of irrigation water. Advantage resulting from
fertigation technique, by reducing the amount of fertilizer and interval
between applications. Through this technique it is possible to maintain
uniform level of nutrients and to control the nutrient supply in the soil
in accordance with changing plants needs during the growth seasons
(Sterling 1983).

Fertigation increased the availability of nutrient near the root
zoon with a reduction in leaching losses. Therefore, more growth of
tuberose plants can be expected with fertigation having N P K and /or
supplemented with micronufrients compared with normal fertilizer
(Munikrishnap et @l.2002) they added that application fertilizers
through irrigation produced stgnificantly higher vegetative parameters

- (plant height, number of tillers, leaf area, etc.), flowering parameter
(days required for flowering and duration of flowering, spike and
rachis Jength, diameter of floret, number of spike lets and spikes and
florets) and cumulative flower yield /ha.

Therefore, the aim of this work was {0 study the influence of
irrigation water quantity and application of different levels of complete
fertilizer through the drip irrigation system (fertigation) on the growth
rate, flowering character and some chemical constituents for 7ageres
erecta L., Zinnia elegans J. and Gomphrena globosa L. plants.
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MATERIALS AND METHODS

This work was conducted during the two successive summer
seasons of 2002 -2003 under the conditions of sandy soil at the
Experimental Farm of the Faculty of Environmental Agricultu;:e
Science, Fl-Arish, Suez Canal University. The objective of this
investigation was to study the influence of irrigation water quantity
and application of different levels of complete fertilizer through the
drip irrigation system (fertigation) on the growth rate, flowering
character and some chemical constituents for Tagetes erecta L., Zinnia
elegans J. and Gomphrena globosa L. plants.

This experiment included 12 treatments which were the
combinations between three irrigation water quantities; i.e., 400, 600
and 800 m’/fed., and four rates of complete fertilizer used contained
macro and micro nutrients with commercial name of (Sangeral)
consists of macro elements, total nitrogen 20% N (4.4% Ammonia —
5.8% Nitrate — 9.8% Urea), Phosphorus (20%P;0s), Potassinm (20%
K20), Mg (0.012%) Sulphur (0.04%) and microelements (as ppm) Fe
(70), Zn (14), Cu (13), Mn (13), B (12) and Mo (12). The
concentrations of complete fertilizer in the two seasons were zero,
0.5% , 1.0 and 1.5%. These later three treatments were added as
fertigation until the beginning of the flowering stage.

These treatments were arranged in a split plot design with three
replicates. The irrigation water quantities were randomly distributed in_
the main plot, while, the rates of fertilizers were in the sub plots. The
area of experimental unit was 12.60 m? contain three dripper irrigation
lines with 6 m in length and 70 cm. in width. One dripper line was
used for measuring vegetative growth characters, while the other two
lines were used for flowering characters. A guard area (1.5 m wide)
was left between the experimental units to avoid the overlapping
infiltration of irrigation. Seeds of Tagetes erecta L., Zinnia elegans J,.
and Gomphrena globosa L. plants were sown on February 27" during
both seasons in plastic pots of 40 cm. diameter. The scedlings of a

uniform size were transplanted to the field on March 29" during 2002
and 2003 seasons.

Drip urigation system was used as a modified method of
irrigation. The dripper lines with discharge of 1.3 L/h for each dripper
at 1 bar were used. All experimental plots received equal amount of
water during transplanting stage till 20 days from transplanting. The
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jrrigation treatments started on 26 April in bo’tho seasons to study
irrigation water quantity (m3/fed.), number of irrigations, time and
amount of water at every irrgation (m*/fed. and/plot) during all growth
stages of Tagetes erecta, Zinnia elegans and Gomphrena globosa
plants are shown in Schedule (1). The fertilizer rates (0, 0.5, 1.0 and
1.5%) were added through irrigation water weekly beginning ‘20 days
after transplanting for eight times. The other normal agricuitural
treatments for growing were practiced. At the full open of the flower
for Tagetes erecta, Zinnia elegans and Gomphrena globosa, the
following data were recorded: .

1- Vegetative growth: plant height (cm), pumber of shoot /plant,
shoot length (cm), fresh and dry weight / plant (g) and fresh and dry
weight of roots / plant (g).

2- Flowering characters: the flowering date (time from the final
transplanting to showing the first flower in days), flowering period
(days), inflorescence diameter (cm), inflorescence number /plant and
vase life (days).

3- Chemical analysis of leaves: The total carbohydrates content
were determined according to Smith er al. (1958). Nitrogen content
was determined by the distillation in micro-Kjeldah! method (Black

1965); phosphorus and potassium determipation according to Olsen
and Sommers (1982) and Jackson (1970), respectively.

Schedule 1. Lirigation water quantity, number of irrigation, time of
every irrigation and amount of water at every irrigation
during the growth stages of Tagetes erecta, Zinnia
elegans and Gomphrena globosa plants.

Irrigation Number | Time of every | Amount of water at
water quantity of irrigation every irrigation
(mn’/fed.) jrrigation (minute) | (m*/plot  (m’/fed.)
12.6m%)
400 46 30 0.026 8.667
600 46 45 0.039 13.000
800 46 60 0.052 17.333

The physical and chemical soil characteristics and chemical
analysis of well irrigation water used are shown in Tables (1 and 2), as
described by Piper (1950).
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Statistical analysis of variance was calculated accordh_:g to Snedecor
and Cochran(1980), Means separation was done according to L.S.D. at
0.05 level. '

Table (1): Mechanical and chemical Table (2): Chemical analysis of
analysis of the soil in both the used water irrigation in
Seasons. both seasons.
[ 2002 | 2003
Mechanical analvsis =
Coarge 27.95 27.90 Ca (meqg/L) | 10.60
Fine sand% 6205 . 61.60 MgH . 580
Silt% 7.00 7.05 "
Clav% 3.00 3.10 Na " 32.70
Soil texture Sandy Sandy | K 0.8
Chemical analysis "
meq/L cr " 40.50
| Ca™ 1.20 1.60 -

Mg 0.90 1.00 CO; " "
Na® 22.00 21330 HCO; j 568
K 0.60 0, —

Cr 23.10 22.90 SO, " 3.90
COy_ - = dsm™ . 5.00
HCOx 0.87 0.85 EC dSm

SO 0.73 0.75 Concentration ppm 3200
EC dSm™ 247 245

| pH . 827 8.63

| CaCO0.% 0.16 0.20
CaC0O% 3.06 3.06

RESULTS AND DISCUSSION

1- Vegetative growth characters:
- a. Effect of irrigation water quantity:

Data presented in Table (3) show that increasing irrigation water. .
supply exerted a marked and significant effect on all studied growth
characters. Whereas, the maximum values of these characters were
more distinct with application of irrigation water at 800 and 600
m’/fed. in the first and second seasons, respectively. Moreover,
application of the relatively highest level of water supply 800 m>/fed.
came in the first rank in this respect in both seasons. In this connection,
the promoting effect with increasing water supply up to 600 m” and or
800 m’/fed. on the growth rate may be due to the greatest role of water
on all internal physiological metabolic processes in the plant. On the
contrary, decreasing soil moisture content and /or application of lowest
level of irrigation water 400 m’/ fed. being the inferior one on all the
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Table (9): Effect of irrigation water quantity on some flowering characters of Tagefes erecfa, Zinnfa elegans and Gomphrena
globosa plants during 2002 and 2003 seasans.

[ Treatmenis Days to first Flowering perind |  Inflorescence Shoots Number of flowers
tr ':,g:::‘:n flower open (days) diameter {em) | Number /plant 1 plant Vase-life (days)
quantity ™ i 1" & 1¥ P IR I 1% P I L
{m®fed.) | season | season | saason | season | seasen | season | season | season | season | season | season | season
L ' . Tagetes erecta plants
400 e 301 47.5 51.0 337 3.95 7.92- 800 866 8.86 6.0 8.3
600 3858 M8 51.9 86.Q 3.68 385 875 = 8.33 8.33 8.66 85 89
800 372 369 57.8 61.4 4,10 457 1008 1067 1138 1068 11.7 12.0
[§D.005, 24 26 28 30 019 020 167 178 2193 223 15 1§
- Zinnia elegans plants o
400 27.9 271 42.3 44.0 4,52 4.85 8.50 6.67 74Q 7.33 58 8.4
600 KloR] 30.2 45.4 48.0 4.63 4.90 808 867 » 933 8.66 84 7.0
800 32.8 32.3 §2.3 5§29 4.90 5.55 10.36 9.33 11.66 10.33 i1 7.7
L.5.D. 0.05 1.9 2.0 1.7 1.8 0.07 Q.09 0.93 0.95 1.02 0.81 0.3 0.3
) ‘Gomphrena globosa plants ' T
400 20.8 16,9 75.7 783 241 244 22.08 2367 2469 23.95 7.2 7.5
600 23.6 231 86.3 89.5 240 243 2375 2437 2136 2689 8.4 8.5
b 800 248 243 97T 867 2.61 267 2658 2636 3183 2946 10.7 10.6
%.8.0.0.05 1.2 1.5 Q.7 0.9 0.05 .08 0.51 G.54 5,14 4.84 1.3 1.1

2liackawy, McAM.
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increase in flower diameter or flower number or both as reported by
Devit et al. (1991).
b- Effect of fertilizer rates:
The obtained data in Table (10) indicated that the highest
increment of flowering characters were recorded by application of
. complete fertilizer through irrigation water (fertigation ), as compared
with control treatment. The highest values of the flowering characters
were achieved with increasing level of fertilizer through fertigation in
the two seasons. On the contrary, increasing the addition of fertilizer
up to the highest rate (1.5%) delayed the initiation of flowering,
increasing flowering period and vas-live in the three types studies. The
promoting effect of addition the complete fertilizers at high rates on
the flowering characters may be explained that the macro and
microelements are essential to develop more vegetative growth on the
account of formation and development of flowering character. These
results are in agreement with the findings of El-Tarawy and Menesi
(1989) on both Tagetes erecta and Zinnia elegans plants, El-Mahrouk
et al. (1992) on Helipterum roseum and Delphinum ajacus and
Kandeel et al. (2002) on Chrysanthemum parthenium who mentioned
that the highest number of inflorescences per plant, inflorescence
diameter and fresh and dry weights of inflorescences per plant were
obtained by high fertilizer rate. Rubinber and Kumar (1998) on pansy
and (Munikrishnap er al,2002) indicated that fertigation without
micronutrient have no effect while, fertigation with 80% NPK
supplementation with 0.1% B or 0.5% Zn can be effectively adopted -
for proper growth of tuberose. :
c-Effect of interaction between irrigation water quantity and
fertilizer rates:

;. Table (11) indicated that high quantity of imrigation water (800
m’/fed.) and fertigated with high rates of complete fertilizer (0.1 and
1.5%) had a great influence on flowering characters comparing with
irrigation without fertilizer. The interaction between complete fertilizer
and all water quantity caused an increase in flowering characters
compared to that contro] treatment. These results are in line with those
stated by Barham e7 al. (1986) on violet, Khattab er al, (2002) on Salvia
splendens.

Finally, from the forgoing results and discussion, it could be
noticed that the growth rate and flowering behavior of Tagetes erecta,
‘Zir.mia_ elegans and Gomphrena globosa plants varied according to the
urigation water quantity and the used rates of complete fertilizer.
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Table (10): Effect of complete fertilization on some flowering characters of Tagetes erecta, Zinnia elegans and Gomphrena
globasa plants during 2002 and 2003 seasons, _

Treatmanis Days to first Flowering period | Inflorescence Shoots number | Number of flowers Vase-life (days) }
flower open (days) diameter {cm) /plant / plant y
Fertilization | 1% P i 2™ 1" 2 1 2™ 1 2™ 1™ ] 2"
season | season | season | season | season | season | season | season | season | season | season | season
Tagetes erecta plants
Control 309 295 420 44.0 3.33 3.54 5.22 5.67 8.00 5.36 6.3 6.7
0.5% 33.6 32.8 50.7 52.4 346 365 8.56 8.33 9.68 §.33 74 7.7
1.0% 35.8 35.4 54.2 66.7 3.86 4,03 10.00 11.00 1066 11.38 8.1 8.3
1.5% 36.7 364 627 65.2 4.22 467 1180 1234 12.38 12.33 9.6 10.0
L.SD.0.05] 3.0 3.1 3.2 3.7 0.22 0.25 193  1.98 1.33 1.25 1.7 1.9
:  Zinnia elegans plants '
Control 27.1 259 39.8 40.2 4.00 433 5.78 6.00 7.00 6.66 54 5.7
0.5% 30.1 296 46.7 48.7 4.33 4.67 7.1 7.67 8.36 8.69 6.0 8.3
1.0% 322 314 49.7 50,3 5.02 533 1033 999 10.86 11,00 6.8 7.0
1.5% 32.9 32.1 523 _ B43 550 6560 1258 1101 1236 11.36 7.5 7.7
L.8.D.005| 22 2.5 20 2.4 0.09 0.10 2.12 1,10 112 1.24 0.3 0.3
Gomphrena globoga plants
Control 209 202 82.7 685.3 2.31 233 2089 21.00 23668 2296 7.4 6.2
0.5% 246 24.1 2.7 74.7 2.38 237 2278 2289 2568 2646 B.5 8.3
1.0% 26.8 26.2 88.3 80.3 247 248 2467 2533 2733 2836 10.0 9.7
1.5% 28.6 28.4 95.7 88.3 2.73 279 2822 2033 3137 3368 10.5 106 ]
LS.D. 0051 33 4.4 0.9 1.0 0.12 0.12 0.59 0.60 6.21 5.42 1.3 1.0
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rmmmuuwmmw.mmwmwwmwm on same: grovin chargetens of Tagales ewclp, Zinsin qlegens ang Gomphisna

. Traat Froshweigrd of | Dry weigit of

___1:9939_... . No. d‘ shoots Shoot length IFresh weight .

Iw ! Flarg heioht (em) plant {em) Iptam, (g} Diaant (9} raats. iplant (g) racts /plant (g)
YTV Rashtuantd I LN A U N I S IO DS OV C ol DU D 2 DS D LN il
(m*fed.} son [ season | seagon i 409 sed 300500 | s8ason | Season | Seascn | season | 563sOn | se9son. | season

) ) : i Tagates eracip plants T i
Contil | 235.63  96.49 517 633 1343  13.6% 3453 3506 880 900 430 463 147 180
400 0.5% 4347 4499 567 589 1747 1797 4367 4537 1131 1287 603 569 263 279
1.0% 4547 4641 PAT 787 1980 2134 5124 5370 4431 1837 533 625 284 285
1.6 % §0.40 5433 833 8a7 2207 2334 6967 7100 4893 2049 6.47 7.26 312 3.36
Control | 4047 4147 667  BE7 1687 1744 4143 42068 1041 1068 513 684 226 243
&00 0.5% 4437 4598 8.17 8.33 1933 2012 5473 6500 1456 1500 6.13 1.6% 273 297
1.0% 4623 4808 PRI} 7PET 2167 2367 5047  GD1E 1838 1758 643 725 347 354
15% | 6247 6488 867 213 2587 2663 TAEF 7532 2656 298 747 506 345 3.63
Convol | 43567 4813 633 667 2037 2154 5457 56688 1348 1388 597  6.03 1.83 1.86
800 056% | 47.37  BBA1 - 833  PAT 2427 2837 6174 6299 1B60 1824 T3 843 297 303
. 1.0% 5243 5476 833  A6T 27T 2034 6975 TI4 2 24B6  B57T 9.5 32T 358
15% | BSTT - 6702 017 967 2940 318% 8057 8210 7837 2876 927 1025 376 397
18D 005 154 06 132 426 210 202 A38 335 211 2.01 134 112 102 101
o — _ ' . Znnia oldgans plans_ NN *'
- Conroh | 3847 90.26  B.00 . BOF  30.2F  30.70 2943  30.67  6.59 .00 7187 198 o042 100
400 05% | 4030, 4237 800 833 3227 3365 306G 3108 067 11.00 86D 887 147 125
. 1.0% | 5153 5328 800 8687 36T 3868 2850 3867 1090 MM 9ps 958 138 1.51
15% 56,20 B7.21  RE7T 86T 4007 4685 6153 S2EF 1258 4303 949 989 185 200
‘_ Cantol | 4567 4108  &00 B33 3340 3390 3267  3BO? €T M2 LTO 785 134 145
800 05% 4833, 4837 B00 867 . 4033 4237 3563 3603 W61 U2 483 967 144 185
1.0% 5343 5537  RE7 1000 4447 4827 4180 4237 1154 1258 040 1035 185 264
. 15% €053, 6395 1033 1087 4937 5136 6153 6206 1456 1597 - W88 1124 207 240
“Contol | 4297 4120 600 633 3547 3568 3433 /eI WE8 1097 TS 7% 164 198
500 05% | 47.37  48E6. 1033  10BT 4247 4370 4147 AR03 114Y 1226 857 a9 196 206
1.0% §450 6536 1067 1067 4560 4635 4430 4880 1518 1636 060 1098 2.08 2.57
1.5% 6260 6232 - 1167 1400 6150 6300  SLEF 6810 1641 1799 1263 1200 281 361
LeD. 0.08 312295 AgE 147 23 254 206 284 124 914 137 138 079 086 |
i i ] T Gomphrenagiobasaplants j
Control | 3150, 31.6¢ 1500  18.33 1460 1568 2543 2767  6.75  6.54  4.35 3.3 042 090
400 0.5% 4003 4052 2000 2033 1740 1887 4147 4387 788 150 502 488 047 114
. 0% 4183 4232 2333 2367 1987 2009 5140 5349 865 672 568 546 114 (.47
15% 4457 4602 2567 2569 2070 2133 5347 5467 394 8.80 6.25 6.21 1147 1.20
Convol | 3440, 2567 1600 1633 1830 1633 3540 4DOG 73 724 357 385 097 090
200 0.5% 4043, #1561 2033 2167 1843 1900 5037  B434 818 B2 637 516  1.04 1.13
1.0% 4347 4426 2533 2600 2163 267 5427 EB3F 686 BG4 BB4 589 143 127
1.5% 45.37 4891 2700 2767 217 246% §633 6200 946 928 B85S 664 133 127
Conrgl | 37.20 3767 4833 1967 1680 1800 413F A48 126 756 464 393 103 113
800 0.6% 4180. 4234 2100 2233 1850 2000 5240 BA34  B13 832  bgp 542 113 1.1
1.0% 4547 4762 2567 2600 2100 2257 5843 6087 968 985 687 654 123 1.30
1.5% 4817 6067 2867 2947 7260 2548 5947 6534 997 024 723 BB 144 162
L.5.D. 0.05 ' 243 234 441 143 115 16 278 285 "iid _ 101 122 102091 .50
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branches, shoots length and fresh and dry weight of shoot and roots,
followed by the combination between such complete fertilizer rate with
600 m’/fed of irrigation water but insignificant between them in plant
height, number of shoots and fresh and dry weight of roots / plant.

Consequently, it could be suggested that the growth behaviour of
Tagetes erecta, Zinnia elegans and Gomphrena globosa plants varied
significantly according to irrigation water quantity and the used rates
of complete fertilizer as fertigation. Similar results were reported
regarding the effect of interaction between fertilizer and irrigation by
Van Schaik and Struik (1997) on Aloe, El- Fawakhry (2004) on Cycas
plants and Khalil, ef al.(2004) on sweet potato.

2 ~Chemical constituents:
a- Effect of irrigation water quantity:

Data presented in Table (6) showed that there was a consistent
and significant increase in total chlorophyll and total carbohydrate in
the tissues of Tagetes erecta , Zinnia elegans and Gomphrena glahgs
leaves by increasing soil moisture and /or increasing water supply.
Whereas the maximum values in this respect were “obtained by
application of the highest level of irrigation water, i.e., (800 w/ed).
On the contrary, the lowest values of all photosynthetic pigments were
achieved via application of relatively lowest level of water supply (400
m°>/fed.). These results were hold true in the two investigated seasons.

It is known that the water quantity can ever be a directly limiting
factor in chlorophylis content and is important in increasing the
availability of nitrogen and other minerals and increasing its absorption
by the plant so increasing total chlorophylis content in the leaves. The
obtained results are in agreement with those reported by El-Fawakhry
(2004) on cycas plants, Khattab er al. (2002) Salvia splendens.

It is quite clear from data in Table (6) that application of
irrigation water at (800 m®/fed.) being the most effective and favorable
treatmnent, which recorded in most cases the maximum increment of
N, P and K concentration in the leaves. On the contrary, increasing soil
moisture stress and /or application of the lowest water quantity (400
m3lfed.) being the inferior one on the content of N , P and K in the
three plants. Similar findings were also reported by Khattab er
al (2002) on Salvia splendens plants and Cox (1995) on Tagetes erecta
plants. The superiority of increasing water supply on the content of N,
P and K elements in the Jeaves of Tagefes erecta, Zinnia elegans and
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Table (6): Effect of irrigation water quantity on some chemical constituents of Tagetes erecta,
Zinnia elegans and Gomphrena globosa plants during 2002 and 2003 seasons.

Treatments | Total Chlorophyll | . o8 N% PY% K%
lrr\:\?aa;g?n 1" 2™ 1 2™ 1 2™ 1™ 2" 1 2"
3:%% §eason ; season | season { season ; 86asOn | Season | season ; $6ason | season | season

' - Tagetes erecta piants
400 1.87 195 23687 2516 2076 2123 0108 0.100 2825 3.214
600 205 214 2451 2636 2188 2435 0115 0118 3101 2994
800 228 232 2825 2837 2383 2458 0119 0121 2998 3.159
LSD.005 | 041 012 038 036 0191 0187 0018 0.015 0.154 0.184
: : _ Zinnia elegans plants
400 196 201 2034 2136 1833 1.987 0106 0109 3433 3,568
600 228 241 2364 2496 2005 2235 0112 0118 3.587 3.862
800 251 264 2228 2537 2274 2687 0119 0121 3488 3.508
Ls.D.005 | 015 016 033 034 0148 0174 0.012 0005 0.125 0.162
Gomphrena globosa plants
400 1.68 185 3081 3101 3214 3311 0401 0402 3.561 3.521
600 236 251 3279 3325 38681 3585 0446 0427 3674 3.508
800 285 292 3196 3208 3711 3.612 0411 0413 3481 3.521
L.Ss.D.005 { 017 0.16 0.150 0.162 0.020 0.011 0.114 0.121

0.98 1.00
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Gomphrena globosa plants due 1o that increasing soil moisture content
caused a marked effect on increasing the solubility of such elements in
the soil which led to promote the absorbing efficiency of such elements
by the planis.

b- Effect of fertilizer rates: , .

It is obvious from data recorded in Table (7) that the maximum
values chlorophyll and carbohydrate were obtained with application of
the highest fertilizer rate (1 and 1.5%). Adverse effect, however wzs
recorded by fertigated of the lowest fertilizer rate of complete fertilizer
{0.5%) and without fertilizer treatments was the inferior one.

_ In this connection, the promoting effect of complete fertilizer on
increasing the photosynthetic pigments is probably due to the
enhancing effect of the suitable fertigation, directly or indirectly on
increasing the availability and absorption of the essential nutrient
elements, specially nitrogen, iron and magnesium which are necessary
for enzymes activation and formation of chloroplasts and chiorophyll
as reported by John and David (2000). Moreover, the favorable effect
of potassium on photosynthetic pigments as due to that potassium
promotes assimilation rate of CO, and photosynthetic capacity (Haeder
and Mengel 1974).

Data presented in Table (7) showed clearly that all used rates of
fertigation resulted in different values of N, P and K elements content
in the leaves of Tagetes erecta, Zinnia elegans and Gomphrena
globosa plants. Maximum values by addition the rates of 1.5 and 0.1%
through irrigation water compuared without fertigation treatment. On
the other hand, there were slight different values among ail treatments
which applied with fertilizer through drip irrigation (fertigation ).

Application of fertilizers through imrigation system (fertigaion)
reduced leaching of added fertilizer (Munikrishnap et al.2002). The
obtained results are in accordance with (Khalil ef al. 2004) who showed
that application of nitrogen and potassium fertilizers at the rate of 100
kg N + 140 kg K,0/ fed. through irrigation water recorded the
maximum values of growth rate and photosynthetic pigments, whereas,
application of the balance rate of nitrogen and potassium at the level of
(60 kg N + 60 kg K,O / fed.) being the superior treatment regarding
plant nufritional status (N, P, K content and their total uptake) on sweet
potato plants.
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Table (7). Effect of compieis icitiizalizn on some chemical constituenis uf Tageles erecta, Zinnia
elegans and Gomphrena globosa plants during 2002 and 2003 seasons.

Total

Totat Chiorophyll '
Treatments content [mg[pgrg) carbohydrate % N% P% K%
Fertilization ™ 2" 1 2" 1" 2~ 1 2" " "
season | season | season | season | season | season | season | season | season | season
Tagetes erecta plants
Control 198 199 1973 2102 1.833 1897 0018 0009 2271 2312
0.5% 233 251 2285 2402 2388 2124 0112 0118 2633 2698
1.0% 247 252 2712 3025 2337 2457 0121 01439 3277 3.301
1.5% 282 286 2954 3226 2603 2801 0137 0141 2851 3.851
L.S.D, 0.05 052 061 041 045 0191 0.157 0.021 0.014 0115 0.125
: Zinnia elegans plants
Control 186 175 1745 1869 1553 1.869 0.008 O0.009 2844 2994
0.5% 221 239 1971 2166 1.908 1998 0106 0112 3.527 3.589
1.0% 239 242 2447 2685 2356 2658 0137 0148 3777 3.894
1.5% 268 259 2673 2870 2466 2668 0131 0.154 3863 3.898
L.S.D. 0.05 050 060 095 0989 0114 0.112 0.016 0.014 0121 0.138
Gomphrena globosa plants

Controt 147 150 2711 2790 2521 2964 0365 0345 3.004 2684
0.5% 199 201 2820 2835 3.032 2968 039 0384 3451 3.254
1.0% 248 265 3591 36.05 3516 3.489 0405 0.395 3612 3.546
1.5%: 271 269 3820 3866 3.568 3.568 0405 0402 3.689 3.360
L.S.D. 0.05 0.73 0.84 113 115 0154 0.132 0.012 0.054 0.213 0.325
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¢ FEffect of interaction between irrigation water quantity and
ferfilizer rates:

Data in Table (8) generally showed that the highest level of
irrigation water (800 m°/fed) and application of the highest rate of
fertigation (1 and 1.5 %) being the superior treatment on the content of
total chlorophyll, as well as total carbohydrates in the two seasons. On
te other hand, effect of the interaction between irrigation water supply
at (400 m>/fed.) and rate of 0.5% fertilizer recorded the minimum
values of chlorophyll in both seasons.

. The obtained results in Table (8) showed also that application
800 m’ffed. of irrigation water combined with o.1 and 1.5% of
fertilizer recorded the maximum increments in N, P and K content in
the leaves of Tagetes erecta, Zinnia elegans and Gomphrena globosa
plants, while, the lowest level of water supply combined with low rate
of fertilizer 0.5 % gave the lowest values in this respect.

3- Flowering characters:

a- Effect of irrigation water quantity:

Data presented in Table (9) indicated that the different quantities
of irrigation water exerted a marked and significant effect on flowering
characters of Tagetes erecta, Zinnia elegans and Gomphrena globosa
plants. Whereas, application of irrigation water at a level of 800
m>/fed. being the most effective and favorable treatment as well as
recorded the maximum values in this respect. On the contrary, the
lowest values of flowering characters were obvious with application of
lowest level of irrigation water and /or increasing soil moisture water
stress. The superiority effect of irrigation water at the level of 800
m’/fed. during the growing seasons on Tagefes erecta, Zinnia elegans
and Gomphrena globosa plants is directly owing to the increase in
plant growth rate and its dry matter content, as well as, plant minerals
uptake so, the flowering can be considered as the final resultant of all
physiological and metabolic processes in the plant.

Furthermore water use efficiency, leading to increase the
availability and absorption of nutrient elements necessary for
flowering precursors of a class of compounds, which ultimately forms
amino acids and hormones leading to an earlier flowering , gave many
lateral branches and number of flowers /plant (Mostafa and Asker
1997). Also, increase the flower duration, for enough amount of water
need for keeping flower cells in turgidity status (Shonks and Gowin
1985). Also, increasing in flower dry -weight may be due to the
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Table (8):Effect of irigation water quantity on soms chemical constituents of Tagetes erects, Zinnia elegans and Gomphrena

during 2002 and 2003 seasons.
Treatments Total Chiorophyll Total
irigation content (mg/gm) |  carbohydrate % N% P% K%
water | poniization
quantity 1~ i 1™ 2 1" 2" 1" 2 1" Pl
{m’fled.) season | season | season | season | season | season | season | season | season .] season )
Tagetes eracta plants
Control 1.65 1.81 18.44 21.36 1714 1.841 0.007 0.008 2.241 2.288
400 0.5% 1.84 1.92 21.42 23.69 2.001 2.201 0.113 0.114 251 2.833
1.0% 2.05 2,13 28.21 27.85 2.381 2.498 0.124 0.115 3981 3.188
1.5% 2.14 2.21 30.58 29.37 2.401 2.523 0.121 0.139 3491 3.368
Contral 1.87 1.96 19.34 20.26 1.831 1951 . 0.009 0.008 2321 2.456
800 0.5% 1.91 2.00 22.60 24.37 2.01 2.154 0.111 0.115 2.721 2.841
1.0% 224 235 26.56 28.37 2.631 2412 0.123 6.127 341 3.465
1.5% 239 2.42 29.54 33.58 2802 2885 0.127 0.141 3.551 3.587
Control 1.08 2.03 2140 22.24 1.981 2.011 0.000 0.011 2.253 2.286
800 0.5% 2.36 2.39 24.60 24,33 2.163 2.741 0.015 0.038 2.671 2.788
1.0% 257 261 28.60 29.99 2.6801 2.784 0.122 0.148 3.261 3.274
1.5% 2.64 2.70 28.50 __ 30.58 2.612 2.863 0.133 0.153 3.311 3.491
1..8.D 0,03 0.72 0.88 245 2 206 0.181 N.s. N.S. N.S. N.S, N.S.
Zinnig elagans plants
Control 1.69 1.85 16.31 18.37 1.401 1.689 0.008  0.008 2.751 2.798
400 0.5% 2.1 2.25 17.34 18.66 1.807 1.087 0.009 0.011 34N 3.684
1.0% 224 228 22.66 23.65 2191 2.352 0121  0.125 3.661 3.864
1.5% 2.29 21 24.37 25.33 2337 2458 0.127 0128 3.850 3.863
Control 1.60 2,00 18.43 19.88 1.451 1.603 0.008 0.101 2811 3.001
800 . 0.5% 2.36 239 18.34 21.56 1.641 1.083 0.101  Q.103 3.801 3.485
1.0% 2.51 248 2437 25.88 2.3 2.652 0131 0138 391 3.884
1.5% 2.59 2.80 27.1 30.00 2411 2.684 0131 (135 3.931 3.899
Control 220 224 18.60 20.98 1.811 1.068 0.008  0.011 2.873 2,808
800 0.5% 225 23 21.34 23.30 2.081 2352 0123 0.128 351 3.682
1.0% 2.62 2.68 26.36 28.66 2.557 2667 0.130 0.134 3.761 3.789
1.5% 2.68 2.69 28,70 31.28 2.851 2.901 0:137  0.141 3.811 3.897
L.S.D 005 0.83 0.91 1.86 1.96 N. s, N. 8. N6 __ Ns. N.s. N. s.
Gomphrena globasa plants
Controt 1.52 184 25.02 25.69 2.324 2.302 0315 0314 2.145 2.151
400 0.5% 1.72 1.1 268.32 270 2.475 2.542 0.342 0.354 3.113 30
1.0% 1.7¢ 1.85 35.58 35.87 2.801 2.881 0385 0354 3.214 3.204
1.5% 1.83 1.89 36.54 36.59 3.025 2.976 0.354  0.384 3.204 3.21%
Control 1.64 1.69 2554 25.88 2,488 2.412 0.324  0.309 2.214 2.301
800 0.5% 1.86 1.92 2737 27.79 2.694 2652 0351 Q361 3.154 3.201
1.0% 1.97 2.01 35.69 36.02 3.011 2.998 0.3714  0.325 3.301 3.204
1.5% 215 2.34 38.54 3a.87 3,164 3.145 0414 0401 3.543 3.453
Control 1.4 2.01 27.22 2170 2.794 2.654 0.346 0339 223 2.310
800 0.5% 226 234 29.48 30.03 2.812 2.811% 0358 0338 3171 3.182
1.0% 257 2.62 37.26 37.47 3.451 3.35¢ 0375 0.358 331 3.325
1.5% 2.73 287 39.58 38.89 3.432 3.441 0.448 0.424 3.571 3.540
L.S.0 005 1.01 1.08 1.95 2.00 N.§. N. s. N.s. _ Ns N. 5. N.s.
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Yable (3): Effect of irfgation water guantity on some growth characters of Tagetes erecta, Zinnia elegans and Gamphren giobosa plants during 2002

and 2003 seasons
Trealmenls | Plantheight | No.ofshoets | Shaotlength | Freshweight | Dryweight | Freshweishior | Dryweightof
"Jfa"‘ter n {cm) iplant (cm) Iplant {g) /plant (g) . roats fplant(g) | roats /piant {g)

quantity 1™ Pl ™ Pl ¥ i 2™ EL ¥ il 1 =]
(m Ifed) season | season | season | season | season | season | season | season | season | season | season | season | season | season
' Tagetes erecta piants )

400 43.72 47437 6,50 6.98 18.11 18.95 4974 5213 1340 15.06 5.28 5.69 2.53 265

600 4588 47.95 6.96 .21 2076 2437 5730 5968 1698 18.26 6.22 8.58 2.90 K] |

800 4978 5235 742 8.53 2530 2835 6663 6713 208% 23.9% 7.73 7.80 294 312

1 £.5.0.005 | 1.04 1.12 0,62 0.65 0.58 0.60 3.22 3.56 1.02 1.15 0.60 0.80 0.38 0.39
Zinnia elegans plants i
400 4738 4899 667 675 4592 3709 3159 3906 1089 1100 868 900 133  1.69 |
600 5074 5126 7.50 167 4189 4426 4341 45.26 1160 12.00 9.3§ 10.22 1.65 186 |
800 §2.87 54.36 876 8.00 43,76 4840 47.92 4897 13.41 14.88 10.08 12.00 2.12 250 ¢
 L.S.D.0.05 | 230 242 0.80 0.81 1.29 1.37 2.53 2.68 0.73 0.78 0.47 0.63 0.05 0.07 ¢
Gomphrena globosa plants ' _ i
400 3948 4100 2100 2167 2437 2370 3245 3490 8.33 9.43 4.51 5.02 1.08 1.04 |

600 4092 4213 21.75 2235 2869 2635 39585 4035 9.18 10.31 5.42 5.69 1.35 1.47

800 43.11 44,99 2367 24.67 31.25 3257 4135 43.52 10.66 11.36 6,03 5.97 1.44 1.52

' -.S.D. 0.05 1.10 1.11 0.71 0.72 1.26 1.42 1.43 1.37 0.94 0.9 0.75 0.57 008 0.08
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studied growth characters of Tagetes erecta, Zinnia elegans and
Gomphrena globosa plants in both seasons. This findings may be due
to that water stress causes losses in tissues water which led to reduce
the turger pressure in the cells, thereby inhibition enlargement and
division of the cells. In this regard Hsiao and Acevedo (1974) and
Martin and Ruiz — Torres (1992) came to similar conclusion. The
obtained results are in agreement with these reported by Khattab e al.
~ (2002) on Salvia splendens and El- Fawakhry (2004) on Cycas plants.
b- Effect of complete fertilizer rate:

The obtained results in Table (4) indicated that there was a
constant and progressive increase in plant height number and shoot
length per plant as well as, the fresh and dry weight of shoots and roots
by increasing the application of complete fertilizer up to the highest
rate, i.e. 0.1 and 1.5% through irrigation water (fertigation), but
without showing significant difference between them. Similar results
were obtained by El-Tarawy and Menesi (1989) on Tagefes erecta and
Zinnia elegans plants. Kandeel er al., (2002} on Chrysanthemum
parthenium plants and Munikrishnap ef al. (2002) on tuberose.

From the forgoing results, it could be concluded that the
promoting effect of using complete fertilizer through urigation water
on the growth rate of Tagetes erecta, Zinnia elegans and Gomphrena
globosa plants might due to the following reasons. Fertilizers
availability is fitted to nutritional need of the plant during its growth
cycle, fertilizer elements already pass to the roots faster than
uniformity of fertilizers distribution. Moreover, as for positive effect of
both macro elements and microelements in fertigation, more nutrient
availability especially near the root zone might have increased the
transport of metabolites to support the growth (Banker and
Mukhopadyay (1990), Yadav er al.(1986). Similarly K might have
influenced the cell division and thus cambial growth leading to more
number of leaves (Parthibam et al. 1991). Once more number of leaves
are formed, availability of photo assimilates increases to affect plant
growth. Hence, more plant height and tiller number of tuberosc were
observed in fertigation with NPK supplemented with 0.1% or 0.5% Zn.
(Munikrishnap ef al. 2002) and (Chaturvedi ef al. 1986) on gladiolus.
c- Effect of interaction between irrigation water quantity and

fertilizer rates:

The obtained results in Table (5) showed that the irrigation water
at 800 m’/fed in combined with 1.5% of complete fertilizer as a
fertigation had a marked high values in the plant height, number of
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Table {4): Effect of complete fertilization on some growth characters of Tagales erecta, Zinnia e!egané and Gomphmns globosa plants during 2002

and 2003 seasons.

. No. of shoots Shoot length Fresh weight Dry weight Fresh weight of Dry weight of

Treatments | Plant height (cm) jplant (cm) /plant () Iplant { | roots fplant
o g g) gg) roots /plant (a)
Fertilization 79 Ce 7= Pl ™ 7 1H'E" 2 r——wL.’ 2 1 7 i

season | season | season | season | season | seasan | season | season | season | season | season saason season | season
. ~ Tagetes erecta planis _
Control 39.57 42.01 467 487 1689 1798 4351 4430 1093 11.24 513 5.83 184 2.0
0.5% 4507  46.99 6.08 6.99 2034 21,36 §3.37 5537 18.87 18.32 6.00 6.98 2.78 2,95
1.0% 4894 51.70 8.44 8.27 24.54 2565 7112 73.02 2266 2335 678 7.85 3.03 324
1.5% 52,88 - 55.32 8687 887 2579 2B.69 74.57 7833 2462 2504 7.63 8.63 3.44 382
L..S.D. 0.05 4,20 4.46 0.72 0.82 Q.22 0.42 3.71 3.90 2.18 2.30 .69 0.86 0.44 0.48
_ ' Zinnia elegans plants
Control 4037 41.28 567 . 6.00 33.04 3406 35.58 3670 883 g.08 7.60 B.03 1.27 1.30
0.5% 4587  47.69 7.00 7.33 3836 3988 4197 3887 1152 1157 9.17 10.25 1.52 1.75
1.0% 58.16  57.95 8.56 .00 46.14 4860 56.47 58.70  13.54 13.97 1069 1117 213 2.17
1.5% 5944 6010 9.33 .67 4864 51.26 60.21 6325 1552 1599 1104 1214 278 2.65
LSD.005 | 3.66 3.86 0.93 0.95 3.49 3.54 523 5.98 1.49 1.50 (.96 0.89 Q.06 0.08
Gomphrena globosa plants

Control 3437 3503 1622 1633 1626 - 15.96 848 27985 737 6.36 4.69 4.33 1.03 1.00
0.5% 40,69 4233 2044 2100 1867 18.87 3668 37.06 825 9.62 5.37 5.47 1.21 1.32
1.0% 4359 4567 2478 2501 2034 21.57 38.27 4038 9.95 10.13 6.13 6.35 1,35 1.34
v 1.6% 46.03 4957 2711 2789 2137 2165 4037 40682 1035 10.54 836 6.45 145 1.37
$4.80. 0051 127 1.29 1.98 1.89 1.63 1.68 3.66 4.02 0.54 0.52 0.42 0.47 0.08 0.05




966

J. Agric. Res. Tanta Univ., 31(4-B) 2005

Talmmx Eﬂm‘qfknqaummqumwmmmnmwmdwsm annhdewawswpmmmm

mam Daysta rst [ Fiowaring pefipd | INAGreacance Shoots No. of iowers, .
lrrlgauqn flower apan (days) | dlameter(em) | numberipiant Iplant Vass-ite m"“) ;
quaanm feﬂllhﬂﬂm 3 r 3 " i 16 3 AR B zﬁﬂ" ¥ 23‘ ] L 2?”" IE
{mffed). & 8 a , _!@ES__L_méQﬂJS n .ﬁaa_-;w_[.ma B9A%0N | 38400 | n n

o ) Tagetas erecls plants i ,
‘Cantrof 815 324 Q7 0 413 285 00 433y 4@ty 5aa) 50 53 67 7
400 0.5% 336 33.1 48.7 0.3 313 368 4.00 8.33 §.36 412 54 680 I
1.0% 354 H.h 506 §1.4 3.53 4.02 8.33 8.57 485 0.68 8.2 81 |
- 1.5% 86.1 350 537 5.7 .53 411 11.00 $1.33 10.63 11.88 6.4 70 |
Cantref 4.3 3.8 400 454 3.00 338 5.00 a.03 548 6.88 84 60
600 0.5% 358 3.2 a7 0.0 340 384 801 8.67 898 .33 64 g1
! 1.0% 818 ari Mo 816 90 408 1000 1033 ¥ 1137 ¥ a8 |
_1.5% 889  A7B 83D 853 420 458 120 1267 1345 1388 74 8o ¢
Contraf 588 M7 45.% 484 9% 4.0t 6.33 T.00 1.38 7.25 44 i1 |
800 0.5% 38.4 7.5 4.7 £0.8 3.8% 4.35 9.62 10.34 10.38 10.66 73 78 |
; 1.0% 40.¢ 40.6. 8.7 436 413 A4.68 1187 1167 12.38 12.33 8.2 47 |
i 15% 428 418 M3 763 452 486 1287 1333 1413 1433 84 80 |
_L.SD D05 1.4 1.8 20 20 038 8.2% 1,15 1.10 2.8 2.86 0.9 10
' ' ' i ) Zinnta elegans plants i 1
" Control 44 3 38.0 W3 .80 3.86 §00 &.00 833 588 &40 83 |
400 1 0.5% 2086 28,8 428 423 4.00 4.33 6.00 6.00 633 6.88 5.5 87
‘ i 1.0% 0.2 796 4.0 4.7 497 5.00 7.00 7.3 1.36 7.88 8.3 - 83 |
] 15% | =03 0.2 A1D 413 5.30 533 4,00 833 8.68 4.00 8.6 81 |
Cantrof 304 27 38.3 anr 4.00 4.00 6.08 8.0¢ 6.32 823 5.5 67 |
600 04% Ky 308 AT.0 41.7 410 4.33 100 7.1 71.33 8.00 8.0 60 |
i 1.0% 336 334 43.0 49.0 .00 §.33 933 9.67 10.33 10.33 8.7 70
1.5% 34.5 .0 8537 M3 5.40 567 10.00 10.67 1088 11.00 743 73 E
-Cantrg| 12 AT 455 453 A.20 4.23 633 6.33 6.688 7.00 537 87
800 0.5% 29 323 1.0 £2.3 4.80 4.06 §.33 8.87 8.87 9.33 84 78 E
1.0% 49 HM3 S0 373 BOL 533 1033 1087 1088 1168 74 77 |
1__15% 358 354 98% 86T 850 S6F 4133 1167 1233 1266 86 87 |
LED 005 1 14 1.8 15 1. 0.29 023 102 1.08 214 237 03 o8 |
R M Ganwnrgga glodose plants - - )
Conttdl | 216 A0 679 883 220 220 1833 2000 2113 213 80 B2 ¢
400 0.5% 258 254 7% 713 230 230 2000 2134 2366 2400 8.4 81 |
o 1.0% Ly} 6.7 &40 880 240 240 2267 2537 2468 2833 83 83 i
1.58% 8.9 42 80 883 2.60 2.6t 2633 4734 2868 2913 8.9 8.0 \
Confrgb ] 236 234 WL WA 233 234 2000 2133 2248 2388 A 65 |
800 0.5% 285 29 46 882 a3 .33 23.00 2367 2536 25.68 8.3 7.7 |
' 1.0% 288 284 884 B8O 243 244 2400 2487 2600 2688 8.2 80 ¢
1.5% a1 AT 0.3 9.0 2.70 273 2800 2833 2933 30.00 10.1 0.0 |
Cantrol 246 .2 720 840.0 240 240 2333 2387 2588 2613 73 a0
00 0.5% 29.9 244 430, 382 2.53 <60 2633 2587 ATy 20 9.4 .1
g 1.0% 0.0 As 3.0 M7 260 263 2733 2800 2078 3033 108 100
1.5% 304 298 98D 457 290 283 3033 . B8 B8 115 100
LSD 005 23 2.3 1.5 1.8 028 030 1.02 1.08 3.45 413 0d 08
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