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ABSTRACT

This study was conducted at the Experimental Nursery of the
Ornamental Horticuiture Department, Faculty of Agriculture, Cairo
University, during the two successive seasons of 1999/2000 and
2000/2001, with the aim of investigating the tolerance of three
turfgrasses [Bermudagrass (Cynodon dactylon L.), Ugandagrass (C.
transvaalensis Davy) and Tifway "Tifton 419" (C. dactylon X C.
transvaalensis)] grown in different types of soil [clay, sand and
clay+sand (1:1, v/v)], to saline irrigation water. The three turfgrasses
were irrigated using water containing NaCl and CaCl, (1:1, w/w) at
concentrations of 1500, 3000, 4500 and 6000 ppm. Control plants
were irrigated with tap water.

Among the three turfgrasses, Ugandagrass had the best
vegetative growth and the highest fresh and dry weights of
underground parts, whereas Tifway gave the lowest values for most of
the measured growth characteristics. Ugandagrass also had the highest
contents of chlorophyll, carotenoids, Na, Ca and proline. On the other
hand, Tifway had the highest total carbohydrates content, while
Bermudagrass had the highest C! content,

Raising the salt concentration resulted in steady reductions in all
of the growth characteristics, as well as the contents of chlorophyll,
carotenoids and total carbohydrates. No significant reduction in lawn
coverage of the three turfgrasses used was detected at the lowest salt
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concentration (1500 ppm), whereas higher salt concentrations (3000-
6000 ppm) reduced it significantly, compared to the control. Only the
highest salt concentration (6000 ppm) reduced the dry weight of
clippings significantly, compared to the coantrol. Raising the salt
concentration increased the contents of Na, Ca, Cl and proline. The
three turfgrasses were generally more sensitive to salinity when grown
in sand compared to those grown in clay or clay-+sand.

Also, plants of the three turfgrasses grown in sand gave lower
values for lawn coverage, plant height before mowing, as well as the
fresh and dry weights of clippings, compared to those grown in media
containing clay. Plants grown in clay had higher contents of Na, Ca
and CI than those grown in sand or clay+sand, whereas the proline
content was increased by raising the percentage of sand and/or
lowering the percentage of clay in the growing medium.

From the above results, it can be concluded that growing
Bermudagrass, Ugandagrass and Tifway in sand omly should be
avoided, especially in areas irrigated with saline water of
concentrations higher than 1500 ppm. If these recommendations are
followed, Ugandagrass can be used with no significant reduction in
growth.,

Key words: cynodon, salinity, soil type, tifway, turfgrass.
1. INTRODUCTION

Turfgrasses are among the most important plant groups that are
used extensively in the landscape of new cities, coastal resorts and
touristic villages. Most of these communities are buiit in desert areas
where irrigation depends primarily on relatively saline water from
wells or desalination units. Under such conditions, it becomes very
important to_select turfgrass species and varieties that are capable of
tolerating high salinity levels, and to determine the maximum salt
concentrations that can be used for irrigation without a significant
effect on plant growth, quality and appearance.

Several studies have been conducted to investigate the tolerance
of different turfgrass species to saline irrigation water. In general,
turfgrasses were found to be capable of survival under a relatively
wide range of salt conceatrations, although growth is usually reduced
as salinity increases. fn a study on 5 turfgrass species (Cyrodon
dactylon, Zoysia japonica, Festuca arundinacea, Poa pratensis and
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Lolium perenne), Lin et al. (1996) concluded that the turfgrasses were
relatively tolerant to high CI” concentrations. In another study on 4
cultivars of Stemotaphrum secundatum, it was found that a salt
concentration equal to that of seawater did not cause the plants to die,
but severely reduced top growth (Dudeck ef al., 1993). Intermediate
salinity even caused growth stimulation in Sporobolus virginicus and
St. Augustine grass (Maraim, 1990).

Another factor to be considered in the landscape of desert areas
18 the type of soil. In many cases, chemical and physical analysis of the
soil may reveal that it is unsuitable for plant growth. In such cases, the
topsoil can be replaced with a layer of clay, sand or any other kind of
soil that is available at a reasonable cost. Several studies have been
conducted to determine the effect of different soil types on growth of
turfgrasses [Skirde (1988), Devitt (1989), Shibata er al. (1989),
Cullimore et al. (1990), El-Tantawy et al. (1993, a), Mitchell et al
(1994), Roberts et al. (1995), Ngoya et al. (1997), Baker et al. (1997
and 1998) and McCoy (1998)]. In Egypt, clay and sand are the two
most common types of soil used for replacement of the topsoil in
landscaped areas. Both types of soil have their advantages and
disadvantages (regarding their water holding capacity, availability,
cost, contamination with weed seeds and pathogens, ... etc.), and it is
nsuaily up to the landscaper to decide which type to use. Therefore, it
would be very useful to have more information about the performance
of different turfgrasses when grown on these two types of soil (or on a
mixture of the two types).

2. MATERIALS AND METHODS

This study was conducted in the Experimental Nursery of the
Ornamental Horticulture Department, Faculty of Agricuiture, Cairo
University, during the two successive seasons of 1999/2000 and
2000/2001, with the aim of investigating the tolerance of
Bermudagrass (Cynodon dactylon 1..), Ugandagrass (C. transvaalensis
Davy) and Tifway "Tifton 419" (C. dactylon X C. transvaalensis) to
irrigation with saline water, when grown in different types of soil.

One hundred and thirty five square beds (I m X 1 m) were
prepared by digging to a depth of 40 cm, then lined with perforated
polyethylene sheets. One third of the total number of beds was filled
with each of three different types of soil, viz. clay, sand, or a mixture
of clay and sand (1:1 by volume). A non-selective weed killer (Round-
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up) was used at a rate equivalent to 1 l/fed. to eliminate all weed
vegetation. The physical and chemical characteristics of the three types
of soil are shown in Table (1},

A separate experiment was conducted for each type of soil. In
each expzriment, the three turfgrasses were used. On 1¥ March (in
both seasons), seeds of Bermudagrass (Cynodon dactylon L.) were
sown at the rate of 30 g/m?, while the plugs of Ugandagrass (C.
transvaalensis Davy) and Tifway (Cynodon dactylon X C.
transvaalensis) were planted at a spacing of 15 cm {one square meter
of sod gave enough plugs to plant about 8 m”). Grasses were irrigated
daily at the rate of 7 Vm’/watering, during the active growing season
(from March 1 to October 15), and every other day thereafter till
January15. Tap water was used for irrigation from ¥ March till 15®
April (during the establishment of the turfgrass), then irrigation was
carried out using saline water at concentrations of 1500, 3000, 4500 or
6000 ppm until the termination of the each season. The saline
irrigation water was prepared using NaCl and CaCl; (1:1 by weight).
In addition, control plants continued to be irrigated with tap water. All
turfgrasses received chemical NPK fertilization in the form of
ammonium nitrate (33.5% N), calcium superphosphate (15.5% P,Os)
and potassium sulphate (48.5% K;O), mixed at the ratio of 2:1:1 (N :
P05 : Ky0), and applied monthly at the rate of 36.21 g/mz, as
recommended by Emarah (1998).

The layout of the experiment was a split-plot arrangement with
the main piots in a randomized complete block design, with three
blocks (replicates). The three turfgrasses were assigned to the main
plots, while the five salt concentrations (including the control) were
assigned to the sub-plots.

The three turfgrasses were mowed weekly to a height of 3 cm
starting on 15® April. The following data were recorded throughout the
growing season: the average plant height before mowing, and the
average fresh and dry weights of the clippings (g/m*/week).

At the termination of each season (on 15% January), the
following data were also recorded:

- The coverage percentage (as described by Mahdi, 1953), lawn
density (number of shoots/100 ¢cm?), and the fresh and dry weights
of underground parts (g/m?).

- The contents of total chlorophyll and total carotenoids (mg/g fresh
matter) in clipping samples, using the method described by Saric et
al. (1967).
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Table (1): Physical and chemical composition of the growing media used in the experiment.

Physical properties Chemical properties
S = T
< | S g | 5 -] - =
Soil TSR | S8 |2 T 81 B)E| E) B
wee | 8| 5| Z| T S E|RIE E|B 2 &) E
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S = = =
Clay 124 1377|371 (1281440033 81 | 533371 53 ;71.8) 549 | 384
Sand 3991492 45 | 64 | 2507038 74 | 101169 2.4 | 548|429 258
Clay+sand | 23.1 [ 47.0215| 84 |37.0]1035; 7.8 | 3461209 ] 48 1664 51.1; 306
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- The contents of total carbohydrates in dried clipping samples, using
the method described by Herbert et al. (1971).

- The contents of Na and Ca in dried clipping samples were
determined by using an  Atomic  Absorption/Flame
¢ pectrophotometer.

- The content of Cl in dried clipping samples was determined using the
method described by Higinbothan et al. (1967).

- Proline content in fresh clipping samples, according to Bates et al.
(1973).

The analysis of variance between the data was conducted, and
the means were compared using the "Least Significant Difference"
(L.5.D.) test at the 5% level, as described by Steel and Torrie (1980).
Arc-sin transformation was conducted on the coverage percentage
dati, and the transformed data were statistically analysed.

3. RESULTS AND DISCUSSION

3.1. Effect of saline irrigation water on turf vegetative growth
3.1.1. Lawn coverage (%)

The results recorded in the two seasons (Table 2} show that
significant differences were detected between the three turfgrasses
with respect to their coverage percentage. In most cases, Ugandagrass
gave a higher coverage percentage than Bermudagrass and Tifway (in
the three types of soil), whereas Tifway gave the lowest coverage
percentage. The only exceptions to this general trend were recorded in
the second scason, with Bermudagrass grown in clay giving an
insignificant higher coverage percentage than Ugandagrass, while
T:fway pgave an insignificant lower coverage percentage than
Upgandagrass. The data presented in Table (2} also show that when the
plants were grown in clay, Bermudagrass gave a significantly higher
coverage percentage than Tifway (in both seasons). Also, when these
two turfgrasses were grown in sand or sand+clay in the first season,
Eermudagrass gave a significantly higher coverage percentage than
Tifway. However, no significant difference was detected between
these two turfgrasses in the second season, when they were grown in
sand or sand-+clay.

The effect of saline irrigation water on lawn coverage was also
considerable. In general, raising the salt concentration resulted in a steady
rzduction in the coverage percentage. In most cases, this reduction was
insignificant at the lowest salt concentration (1500 ppm), whereas higher
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Table (2): Effect of saline irrigation water on the coverage percentage of three turfgrasses (Bermudagrass, Ugandagrass and
Tifway) grown in clay, sand or clay + sand {1:1) during the iwo successive seasons of 1999/2000 and 2000/2001.

Coverage percentage
Salt conc. 1% Season 2™ Season
Media (ppm) Turfgrasses* Turfgrasses*
S1 S2 83 Mean** Si 82 83 Mean**
Contral | 1000 =2 | 1000 a | 1000 a | 1000 a | 1000 a | 1000 a | 1000 a | 100.0 a
1500 997 ab | 100.0 a | 993 ab | 997 ab | 99.7 ab | 1000 a | 990 ab | 99.6 ab
= 3000 990 ab | 993 ab | 987 b | 99.0 b | 993 ab | 997 ab | 990 ab | 993 b
8] 4500 807 de | 897 ¢ 783 e 829 ¢ | 890 ¢ 843 cod | 827 ce | 843 ¢
6000 797 de | 853 c¢d | 747 e | 799 ¢ | 8.7 cd | 797 de | 780 ¢ | 805 d
Mean** J918 a | 949 a | 902 b 92.3 937 = 92.7 ab | 9.7 b 92.7
Control 1960 bc | 980 a | 933 cd | 958 a | 930 ab | 953 a | 947 a | 94.3 a
1500 947 cd | 977 ab | 920 d | 948 a | 920 bc | 940 ab | 920 bc | 927 b
2 3000 870 e | 927 cd | 87 ¢ | 888 b | 8.0 e | 8.0 od | 817 fg | 852 ¢
& 4500 800 fg | 847 ef | 760 gh | 802 ¢ | 780 gi| 860 dec | 760 i | 80.0 d
6000 767 gh| 800 fg | 727 h | 765 d | 773 hi | 813 £h | 757 i | 781 d
Mean** 863 b | 906 a | 841 ¢ 87.2 B5.1 b | 891 a | 840 b 86.1
Control [1000 a (1000 a {1000 a | 000 a | 1000 a | 1000 a [ 1000 a | 1000 a
= 1500 997 ab | 1000 a | 993 bc | 997 a | 993 ab | 997 ab | 990 ab | 993 a
= | 3000 990 bc | 993 bc | 983 ¢ ) 989 b | 983 b | 990 ab | 983 b | 985 b
L& 4500 863 df | 903 d | 850 of | 872 ¢ | 870 d | 897 c | 833 de | 867 ¢
S 6000 857 ef | 887 de ! 820 f | 885 ¢ | 843 de | 8.0 d | 783 ¢ | 832 d
Mean** [941 b [ 957 a | 929 ¢ 94.2 938 ab | 951 a 918 b 93.5
*S1= Bermudagrass (Cynodon dactylon) 82= Upandagrass (€. ransvnnlensivy  83="Tilwax (0 doitlon X O diaro vauicnis)

==Within the columns for salinity treatment means, the rows for turfgrass means, or the means for combinations of the two factors,
means sharing one ar more letters are insignificantly different at the 5% level, according to the "Least Significant Difference" test,
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salt concentrations (3000-6000 ppm) reduced lawn coverage

sign ficantly, compared to the control. Similar reductions in coverage
perczntage as a result of raising salt concentration have been reported
by El-Tantawy et al. (1993, a and b).

Regarding the effect of the type of soil, it was noticed that the
coverage percentage was generally lower in the sandy soil than in
media containing clay (clay or clay+sand). Even with irrigation using
tap water (control), plants grown in sand had a lower mean coverage
percentage (95.8% and 94.3% in the first and second seasons,
respectively) than plants grown in clay or clay+sand, which had a
cov:rage percentage of 100%.

As a result of the interaction between the turfgrasses and the
salt concentrations, the highest coverage percentage (i00%) was
recorded in the clay and clay+sand soils when the three turfgrasses
weile irrigated with tap water (control), whereas the highest coverage
per:entages recorded in the sandy soil (98.0% and 95.3%, in the first
and second scasons, respectively) were obtained from Ugandagrass
irri sated with tap water. On the other hand, the lowest coverage
percentage in the three types of soil was obtained from Tifway plants
rec:iving the highest salt concentration (6000 ppm).

3.1.2. Lawn density (number of shoots/100 cm?)

Lawn density, in terms of the number of shoots/100 cm’ (Table
3), was considerably affected by the type of turfgrass and salinity level
of he irrigation water, In both seasons, Ugandagrass gave the greatest
nunber of shoots/100 cm? followed by Tifway, whereas
Bermudagrass gave the lowest values, in the three types of soil. In
mest cases, the differences between the three turfgrasses were
significant, especially in the second season. In the first season, no
significant difference was recorded between the densities of
Us:andagrass and Tifway plants that were grown on a sandy soil.

Regardinzg the effect of saline irrigation water, the number of
shyots/100 cm® (Table 3) decreased steadily with raising the salt
concentration {in the three types of soil). In the clay and sand+clay
soils, this decrease was insignificant at the lowest salt concentration
(1500 ppm), whereas higher salt concentrations (3000-6000 ppm)
reJuced the number of shoots/100 cm” significantly, compared to the
controi (in both seasons). On the other hand, the adverse effect of
salinity on lawn density was more evident in the sandy soil, with all
salinity treatments resuiting in significant reductions in the number of
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Tabie (3): Effect of saline imrigation water on lawn density (number of shoots/100 cm®) and average plant height (before mowing) of three turfgrasses

Bermudagrass, Ugandagrass and Tifway) grown in clay, sand or clay + sand (1:1) during the two successive seasons of 1999/2000 and 2000/2001.
Lawn density (number of shoots/100¢m?) Aversge plant height before mowing (cm)
Sait conc. 1"Season 2" Season 1" Season 2" Season
Media {(ppm) Turfgrasses* Turfgrasses* Turfgrasses* Turfgrasses*
S1 52 83 Mean S1 82 §3 Mean S1 | 82 S3 Meaa S S2 83 Mean
Control 2353 [ 2516 ) 2356 | 2408 | 2213 | 2586 | 2426 | 2408 | 1093 | 1233 | 1065 | 1L30 | 1155 | 13.i0 I 1125 | 11.97
1500 2003 1 2396 ] 2173 ) 2igd4 | 1973 ) 2653 | 2163 | 2263 982 | 10.7% 921 9.94 9.10 1234 975 10,40
3000 1736 | 2006 | 1946 | 1896 | 1693 | 230.3 | 1893 | 1963 &484[ .64 7.97 8. 70 830 IO.36_L 789 8.8%5
- 4500 1546 ) 1693 | 1636 | 1625 | 1496 | 201.3 b 1727 775 | 849 6.41 7.58 6.30 7.67 6.75 6.91
= 5000 1203 | 1506 | 1273 | 1327 | 1263 | 1643 | 1323 | 14L0 5.63 7.37 529 6.10 6.77 822 523 6.74
v I_M_un 177.0 | 2023 | 1877 | 1890 | 172.8 | 224.0 | 1896 | 1954 | B8.52 9.72 7.91 8,72 8.40 | 1034 | 8.17 8.97
LSD5%  Sp 9.1 83 046 049
Salt 216 [6.9 1.45 1.66
Sp. X Sait 273 20,5 1.61 1.94
Countrel 2196 | 2376 | 2383 [ 2318 | 2013 | 2456 | 2316 [ 2262 .64 10.93 3.9 9.83 10.05 | 1122 820 | 9.4%
1500 1943 | 2213 | 2186 [ 2114 | 1893 | 229.6 | 1983 | 2087 B.28 932 1.75 8.45 8.17 109% | 600 T 8.39
3000 176.6 | 2183 | 2003 | 1984 | 1696 | 1836 | 1763 | 176.5 7.15 8.00 6.34 7.16 7.03 8.59 5.79—’— 7.14
- 4500 1363 | 1833 ] 1873 | 169.0 | 1383 | 1693 | 1533 | 1536 5.28 6.44 4.95 5.56 5.82 7.60 422 5.88
] 6000 1203 | 1543 | 1396 T 1381 | 1113 | 1493 { 193 | 1300 452 523 427 4.71 4.75 619 307 467
':s Mean 169.4 | 203.0 196.3—1— 189.7 [ 162.0 | 1955 | 177.8 [ 178.4 6,99 7.98 _&44 . T._lll_ 7.16 8.92 5,47 T.18
18D-5% Sp. 8.7 93 0,34 0.63
Salt 163 151 0.73 0.91
Sp. X Salt 19.8 18,9 0,98 1.19
Control 2273 | 2566 | 2426 | 2422 L 2313 | 3096 | 2596 | 2668 { 1137 {1 1293 960 1130 | 1193 { 1226 897 11.08
1500 1983 | 2486 | 2296 | 2255 | 2063 | 2943 | 2313 | 244.0 | 19065 | 1145 8.00 10.03 | 1013 | 1155 791 9.86
3000 1683 | 2133 § 2013 | 1943 | 183.6 | 2633 | 2013 | 2161 } B.B3 979 7.55 872 9.32 1023 | 749 9.01
g - 4590 1493 | 1843 | 1533 ; 1623 | 1623 | 2196 { 1833 | 1884 | 7.00 9.30 6.42 7.57 993 8.17 5.61 1.90
;\: 6000 1223 1 1616 ] 13753 | 1404 | 1323 ) 1876 ] 1503 | 1567 | 7.11 8.55% 5.46 7.04 7.06 7.64 4.22 6.31
= Mean 1731 | 2129 [ (92.8 | 1929 | 1832 | 2549 | 2052 | 2144 | 9.00 | 1040 | 741 893 9.67 9.97 490 8.83
v LSD-3%  Sp. 114 1.9 0.49 0.57
Salt 183 237 1.59 133
Sp. X Salt 223 269 e | 143

=31= germudagrass (Cynodon dactylon)

82= Upandagrass (C. transvaalensis)

33= Tifway (C. dactyion X C. transvaalensis)
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Table (3); Effect of saline imigation water on lawn density (number of shoots/100 cm®) and average plant height (before mowing) of three turfgrasses

Bermudagrass, Ujg_nmrass and Tifway

) grown in ¢l

+ sand (1.1} duting the two successive seasons of 1999/2000 and 2000/2001.

g ay, sand or clay 1)
Lawn density (number of shoots/100cm Average plant height hefore mowing (cm)
Salt conc, 1" Season Season 1¥ Seasan 2*¥ Scason N
Media {ppm) Turfgrasses* Turfgrasses* Turfgrasses* Turfgrasses*
S1 52 §3 | Mem | S1 $2 83 | Man | §] 82 S3 Mean | §] 52 §3 | Memn
Contrel 2353 | 28516 | 2356 | 2408 | 2213 [ 2586 | 2426 ) 2408 | 1093 | 1233 | 1065 | 1030 | 1155 | 1300 | 1125 ] 11.97
1500 2083 | 2396 | 2173 | 2194 | 1973 | 2653 | 2163 | 2263 9.82 16,79 921 9.94 9.10 1234 975 1040
3000 1736 | 2006 | 1946 | 189.6 | 1693 | 2303 | 1893 | 1963 848 9.64 7.97 8.70 8.30 10.36 7.89 B.85
- 4500 1546 | 1693 | 1635 | 1628 | 1496 | 2013 1 17207 7.75 8.49 6.41 7.55% 6.30 7.67 6,75 6.91
= 6000 1203 | 1506 | 127.3 | 1327 | 1263 | 1643 | 1323 | 1410 5.63 737 529 5,10 6.77 8.22 523 6.74
“ Mean 177.0 | 2023 | 1877 { 189.0 | 172.8 | 2240 { 1896 | 1954 | 8.52 9,72 7.91 §.72 8.40 Ll}_._:f-i 8.17 8.97
LSD-5%  Sp. 91 83 046 0.49
Salt 226 16.9 1.45 1.66
Sp. X Salt 273 205 1.61 1.94
Control 2196 | 237.6 ; 2383 | 2318 | 2013 | 2456 [ 2316 | 2262 9,64 10.93 8.91 9,83 1005 | 11.22 8.29 9.88
1300 1943 | 2213 | 2186 [ 2114 | 1893 | 2296 | 1983 | 2057 8.28 9.32 7.75 845 8.17 10.99 6.00 8.39
3000 1766 | 2183 | 2003 | 1984 | 1696 | 1836 | 1763 | 1765 7.15 8.00 6.34 .16 7.03 8.5% 5.79 7.14
- 4500 1363 | 1833 ) 1873 | 169.0 | 1383 | 1693 | 1533 | 1836 528 6.44 4.95 556 582 7.60 422 5.88
= 6000 1203 | 1543 | 1396 | 1381 | 111.3 | 1493 | 1293 | 1300 4,62 523 4.27 +.71 4.75 619 3.07 4.67
3 Mean 169.4 | 203.0 | 196.8 | 189.7 | 162.0 } 1953 _lﬂé 1784 | 699 7.98 b.44 | 7.14 716 | 892 5.47 7,18
LSp-5%  Sp. 87 93 0.34 0.63
Salt 16.3 15.1 0.73 0.91
Sp. X Salt 19.8 18.9 0.98 1,19
Control 2273 ) 25656 1 2426 7 2422 1 2313 ) 396 | 2596 2668 § 1137 {1 1293 9.60 11.30 | 1193 | 1226 897 11.08
1500 1983 | 2486 | 2296 | 2258 | 2063 | 2943 | 2313 | 244.0 | 1065 | 1145 8.00 1003 | 10.13 | 11,55 7.91 2.86
= 3000 1683 | 2133 | 2013 { 1943 | 1836 | 2633 | 2013 { 216.) §.33 999 7.55 8.72 932 1023 749 9,01
£ _ 4500 1493 | 1843 ] 1533 | 1623 | 1623 | 2196 | 1833 | 1884 7.00 9,30 6.42 7.57 $.93 8.17 5.61 7.90
g‘: 6000 1223 1 1616 | 1373 | 1404 | 1323 | 1876 | 1503 | 1567 | 7.11 8.55 546 704 7.06 7.64 422 6.31
- Mean 173.1 | 212.9 [ 192.8 | 1[92.9 | 183.2 | 2549 | 2052 | 2144 | 900 | 1040 | 7.41 8,93 9.67 9.9’7—1 5,90 8.83
“ LSD3% S, 114 119 049 0.57
Salt 183 23.7 1.59 1.33
§p. X Salt 223 26.9 1.86 145

*S1= Bermudagrass (Cynodon dactylon)

§2= Ugandagrass (C. transvaalensis)

$3= Tifway (C. dactylon X C. transvaaiensis)
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shoots/100 cm’, even at the lowest salt concentration (1500 ppm). The
reduction in number of shoots/160 cm’ (ie. branching) may be
attributed to a reduction in the activity level of cytokinins as a result of
the salinity treatments (Ghazi, 1976).

Regarding the interaction between the three turfgrasses and the
salinity treatments, the data presented in Table (3) show that in most
cases, the best combination of these two factors was Ugandagrass
irrigated using tap water (control), whereas the lowest values were
obtained from Bermudagrass irrigated with saline water at the highest
concentration {6000 ppm). The data in Table (3) aiso show that there
was a slight difference between the three turfgrasses in their response
to the salinity treatments, with Ugandagrass showing no significant
response to the lowest salt concentration (1500 ppm), whereas
Bermudagrass and Tifway often showed a significant reduction in the
plant density as a result of applying the lowest salt concentration,
regardless of the type of soil. This may lead us to recommend the use
of Ugandagrass for planting lawns in areas where the water contains a
salt concentration of up to 1500 ppm.

3.1.3. Average plant height before mowing

Considerable differences were obtained between the average
plant heights (before mowing) of the three turfgrasses (Table 3). In
both seasons, Ugandagrass showed more regrowth between mowings
(i.e. it had a significantly higher value of plant height), compared to
Bermudagrass or Tifway. On the other hand, Tifway was the shortest
turfgrass, regardless of the type of soil. In most cases, the differences
between the values recorded for the three turfgrasses were significant,
especially in the first season. In the second season, no significant
difference was obtained between the heights of Bermudagrass and
Tifway plants that were grown in clay. Also, no significant difference
was obtained between the heights of Bermudagrass and Ugandagrass
plants that were grown in clay+sand.

Regarding the effect of the salinity treatments, the data in Table
(3) show that raising the salt concentration resulted in a steady
decrease in the height of plants before mowing, regardless of the kind
of turfgrass or the type of soil. The decrease in plant height under
saline conditions was probably due to the insufficient uptake of water
and nutrients, as well as sodic toxicity [Yasseen et al. (1987) and St.
Amaud and Vincent (1990)]. Another possible explanation for the
reduction in plant height as a result of salinity may be the decrease in
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the activity levels of auxins and gibberellins within the plant, and/or
the increase in the activity of growth inhibitors (Ghazi, 1976). This
may lead to a reduction in meristematic activity, resulting in a decrease
in the rate of cell elongation at the shoot tips.

In the sandy soil, the reduction in mean plant height of the three
turfgrasses was significant even at the lowest salt concentration (1500
ppm), compared to the control. Moreover, turfgrasses grown in sand
were generally more susceptible to salt injury at the high salt
concentrations (with reductions of 52.1% and 52.6% being recorded at
the 6000 ppm concentration, in the first and second seasons,
respectively, compared to the control) than those grown in clay or
clay+sand. On the other hand, the mean height of plants grown in clay
or claytsand was not significantly reduced by the lowest salt
concentration (1500 ppm), but was significantly reduced by salt
concentrations of 3000-6000 ppm, compared to the control (in both
seasons).

Moreover, the data in Table (3) also show that the values
recorded in the sandy soil were generally lower than those recorded in
clay or clay+sand. This may be attributed to the greater water holding
capacity of clay, as well as its higher cation exchange capacity, which
lead to a higher availability of water and nutrients to the plants. It is,
therefore, recommended that growing turfgrasses in pure sand should
be avoided, especially under conditions of saline irrigation water.

The data recorded in the two seasons (Table 3) also show that
the highest values recorded in the three types of soil (i.e. the highest
ability to re-grow after mowing) were obtained from Ugandagrass
plants that were irrigated with tap water (control), whereas the lowest
valies were those obtained from Tifway plants irrigated with saline
water at the highest concentration (6000 ppm).

3.1.4. Fresh and dry weights of clippings

The data presented in Table (4) show that, in most cases,
Ugandagrass plants gave the heaviest fresh and dry weights, followed
by Bermudagrass, whereas Tifway gave the lowest weights, regardless
of the type of soil. The only exception to this general trend was
observed in the clay soil during the second season, with Bermudagrass
giving an insignificantly higher fresh weight than Ugandagrass.

Among the three types of soil, the mixture of clay and sand was
generally the most suitable soil for the growth of turfgrasses (in terms
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Table (4): Effect of saline irrigation water on the fresh and dry weights of clippings of three turfgrasses {Bermudagrass, Ugandagrass and Tifway) grown in clay,

sand or clay + sand (1:1} during the two successive seasons of 1999/2000 and 2000/2001.

Eresh weight of clippings (gm/m*/week) Dry weight of clippings {(gm/m’/week)
Salt conc. (“Senson 2™ Season 1% Season 20 Season
Media (ppm) Turfgrasses* Turfgrasses* Turfgrasses* Turfgrasses*

Si 2 83 Mean S1 52 53 Mean S1 52 83 Mean S1 52 &3 Mean
Cn_ntrnl 3015 1 3346 | 2742 { 3034 | 3142 | 3282 | 2964 | 3L29 4.30 4.48 3.01 393 448 4.68 3.23 4.13
1500 2826 | 32.00 | 2536 | 2854 | 3047 | 3188 { 2655 ] 29.63 4,01 422 2,65 3.63 4.25 434 kRis} 3.87
3000 2564 | 3048 | 2385 | 26,66 | 29.88 | 2897 | 2590 | 28.2% 3.76 3.82 233 330 398 4.04 2.87 3,63
. 4500 2410 [ 2916 | 2285 | 2537 { 2766 | 2558 | 22.10 | 25.11 141 355 1.20 .71 3.66 an 2.54 330
= 6000 2345 | 2648 | 1952 | 23,15 | 2573 | 2313 | 2279 | 23.88 Kivy) 3.20 098 148 3141 343 2,16 3.00
© Mean 26,32 | 30.31 | 23.80 | 26.81 | 29.03 | 25.47 | 2539 | 27.83 3.75 .85 2,03 3.21 3.95 4.04 2.76 3.59

LSD-8% Sp. 1.79 1.63 0.81 0.93

Salt 2.13 207 0.95 097

Sp. X Salt 2,34 235 1.14 ) 1.16
Controt 2813 [ 3275 | 2451 1 2846 | 2782 | 2979 | 2591 | 27.84 4.0% 4.67 3.50 4.06 3.97 4.25 3.70 3.97
1500 2530 | 31.22 | 21.87 | 26.13 | 26.00 | 2688 | 1434 | 122.41 3175 4725 313 in 3157 4.10 3.60 3.76
3000 2480 | 2954 | 2077 | 25.04 | 2513 | 23.10 | 1564 | 2L29 3.34 399 2.74 3.36 333 3.85 342 183
- 4500 2277 1 2846 | 1701 | 22,78 | 2134 | 2044 | 17.00 | 19.%9 m 3.68 244 3.08 01 341 3.13 319
= 6000 2169 | 2634 | 1650 | 21.51 | 18.26 | 20.34 | 19.39 | 19.33 292 352 2.38 2.94 2.84 3.05 281 2.90
% Mean 24.53 ¢ 29.66 | 20.15 | 24.78 | 23.711 | 24.11 | 18.45 | 22.69 3.42 4.02 2.83 3.43 3.34 73 333 347

LSD-5% Sp. 2.03 198 0.92 N.S.

Salt 237 23 - 0.96 0.81

Sp. X Salt 251 253 115 092
Control 3555 | 3882 | 2050 | 34.62 { 33.80 | 39.36 | 30.18 | .45 5.07 5.54 4.2t 4,94 4.82 5,62 4.31 4,92
1500 3210 | 3741 2522 | 3158 | 3049 | 3755 | 28.13 | 32.06 4.34 522 4.10 4.72 4.64 5.4 397 4.67
- 3000 2864 | 3591 | 24.10 | 29.55 | 28.71 { 3561 | 23.75 | 2936 4.41 5.02 398 4.47 398 511 3.67 4,25
E —_ 4500 2600 | 31.84 | 2399 | 27.28 | 2544 | 3282 | 21838 | 2671 401 4.80 1.81 4.21 3.55 485 iz 3.87
£z 6000 2533 | 28.00 | 2318 | 25.50 | 2231 | 3128 | 2067 | 24.82 | 357 | 445 | 388 | 397 | 3.24 | 451 | 281 | 352
E -~ Mean 2_9_51 34.39 | 25.19 | 29.71 | 28.19 [ 3532 | 2492 | 29.48 4,38 .00 3.9 4.46 4.04 516 3.59 4.25

Q LSD-5% Sp. 1.87 1.74 0.87 091

Salt 2.15 2.26 0.94 0.96

Sp. X Salt 2.24 2.38 1.08 1.13

*$1= Bermudagrass (Cynodon dactyion) §2= Ugandagrass (C. transvaalensis) $3= Tifway {C. dactyfon X C. transvaalensis)
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of fresh weight), followed by clay. A similar favourable effect of
media containing clay on the fresh and dry weights of clippings has
been reported by El-Tantawy et al. (1993, a) on Bermudagrass. On the
other hand, plants grown in sand had the lowest mean fresh weight in
both seasons. '

The results recorded in the two seasons also show that raising
the salt concentration resulted in a gradual reduction in the mean fresh
and dry weights of clippings, regardless of the type of soil. However,
the reduction in mean fresh weight of turfgrasses grown in clay was
insignificant at the lowest salt concentration (1500 ppm), but was
significant at salt concentrations of 3000-600C ppm (in both seasons).
On the other hand, the reduction in mean fresh weight of clippings of
plants grown in sand or in clay+sand was significant even at the lowest
salt concentration (in most cases). Also, the reduction in mean dry
weight was generally insignificant at salt concentrations of 1500-3000
ppm (especially in the second season), whereas the highest salt
concentration (6000 ppm) reduced the mean dry weight significantly
as compared to the control, regardless of the type of soil. These results
are in agreement with the findings of El-Tantawy ef al. (1993, b) who
mentioned that the fresh and dry weights of Bermudagrass clippings
were reduced by raising salt concentration in the irrigation water.
Also, Smith er al. (1993) reported that all shoot growth parameters of
Bermudagrass {Cynodon dactylon), creeping bentgrass (Agrostis
stolonifera L. var. palustris) and St. Augustinegrass (Stenotaphrum
secundatum) were reduced by increasing salt levels. Moreover, Nabati
et al. (1994) found that as salinity increased, clipping dry weight of
Kentucky bluegrass (Poa pratensis cv. Plush) decreased.

Regarding the fresh and dry weights obtained from the different
combinations of turfgrasses and salt concenirations, the data in Table
(4) show that, in both seasons, Ugandagrass plants receiving no
salinity treatment (control) gave higher values than those obtained
from any other turfgrass at the different salt concentrations, regardless
of the type of soil. On the other hand, Tifway plants receiving the
highest salt concentration (6000 ppm) gave the lowest fresh weight in
the first season (in all three types of soil), as well as the lowest fresh
weight in the second one among plants grown in clay+sand. Also,
Tifway plants receiving salt at 6000 ppm gave the lowest dry weight
among plants grown in clay or sand in the first season, and the fowest
dry weight among plants grown in any of the three types of soil in the
second one.



-248-

Table (4) indicates that in the first season, the three turfgrasses

grown in the clay medium tolerated the lowest salt concentration (1500
ppm) without a significant reduction in fresh weight, whereas higher
salt concentrations (3000-6000 ppm) reduced fresh weight
significantly. On the other hand, Ugandagrass grown in sand or
clay+sand was insignificantly affected by salinity at 1500 ppm, while
Bermudagrass and Tifway showed a significant reduction in fresh
weight, compared to the control. This trend was not clear in the second
season. Also, within each of the three turfgrasses, the dry weight was
not significantly reduced, in most cases, by salt concentrations of
1500-4500 ppm, compared to the control, regardless of the type of soil.
On the other hand, although the highest salt concentration (6000 ppm)
gave the lowest values in the three turfgrasses, the significance of its
effect varied from one kind of turfgrass to the other, and from one
season to the other.

3.1.5. Fresh and dry weights of underground parts

The results presented in Table (5) show considerable differences
among the three turfgrasses with respect to the fresh and dry weights
of underground parts. In most cases, Ugandagrass had the heaviest
fresh and dry weights, followed by Bermudagrass, whereas the lowest
values were those of Tifway. The differences among the three
turfgrasses were significant in most cases, especially in the first
season, regardless of the type of soil. However, in the second season,
two exceptions to this general rule were recorded. The first exception
was obtained from Bermudagrass plants grown in clay, which had
insignificantly heavier fresh underground parts than those of
Ugandagrass grown in the same type of soil. The second exception to
the general trend was obtained in the sandy soil, with the underground
parts of Ugandagrass having an insignificantly higher dry weight than
those of Bermudagrass.

The different salinity treatments also had a considerable effect
on the fresh and dry weights of the underground parts. In general,
raising the salt concentration resulted in a steady decrease in the values
recorded for these two parameters, regardless of the type of soil. In the
clay soil, this reduction was mostly insignificant at the lowest salt
concentration (1500 ppm), whereas higher concentrations reduced the
fresh and dry weights of underground parts significaatly, compared to
the control. On the other hand, plants grown in sand or clay+sand
showed a significant reduction in the fresh and dry weights of their
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Fable (5): Effect of saline irrigation water on the fresh and dry weights of underground parts of three turfgrasses (Bermudagrass, Ugandagrass and Tifway)
grown in clay, sand or clay + sand (1:1) during the two successive seasons of 1999/2000 and 2000/2001.

Fresh welght of underground parts (gm/m*)

Dry weight of under;

ground parts (gm/m’)

Salt conc. 1*Season 2"! Season 1% Season 2 Season
Media (ppm) Turfgrasses* Turfgrasses* Turfgrasses* Turfgrasses*
) s1 82 83 | Mem | S1 82 §3 | Mem | §] §2 §3 | Memn | §) 82 83 | Mean
Contral 1261 | 1405 | 1081 [ 124.9 | 129.2 | 1386 [ 1126 | 1268 | 68.7 76.3 58.6 67.9 64.8 73.2 56.1 64.7
1500 1189 | 1273 | 1002 | 1188 [ 1253 | 131.5 { 1035 | 120.1 63.3 68.6 513 611 62.3 66.8 532 60.8
3000 100.7 { 1252 86,2 104.0 | 1160 | 1123 983 1089 | 514 63.6 41.2 521 547 586 489 54.1
. 4500 78.5 1117 8.7 89.6 1118 ] 971 87.8 98.9 378 51.2 374 42,1 519 536 484 51.3
Al 6000 71.2 1094 | 63,0 Bi2 986 929 837 91.7 345 519 28,7 g4 480 48.5 436 46.7
i _l\fmn 99.1 122.8 | 872 103.0 | 1162 | 1145 | 97.1 1093 | 511 62.3 43.4 52,3 56.3 60.1 50,1 55.5
LSD-5% Sp. — 47 41 36 28
Salt 938 7.3 42 4.5
Sp. X Salt 125 82 59 6.1
Control 1103 | 131.7 92.2 1114 | 1139 | 1261 | 1001 | 113.4 | 64.8 77.1 539 65.3 66.3 723 56.2 65.0
1500 1019 | 1282 %6.9 1047 | 1095 | 1144 83.1 102.3 61.4 716 514 63.5 651 69.1 493 61.2
3000 96.8 1198 8.7 99.4 98.6 98.7 69.3 889 56.2 723 49.6 59.4 61.7 584 435 54,5
- 4500 B7.1 116.8 | 643 89.4 B4.8 814 63.2 76.5 526 T1.1 423 55.3 506 526 396 47.6
= G004 816 101.4 61.1 1.4 682 4.9 516 49 .| 496 658 38.2 1.2 46.4 480 348 43.1
w Mean 985 | 119.6 | 77.2 97.5 | 950 | 99.1 73.5 89.2 56,9 72.8 47.1 58.9 58.0 60.1 44.7 54.3
LSD-5% Sp. 46 32 21 24
Salt 59 6.8 i3 36
Sp. X Salt 7.4 85 49 51
| Contraol 1523 | 1707 | 12359 | 1500 | 1412 ] 1685 | 1206 | 143.4 | 904 98.3 70.1 86.3 833 100.8 70.4 jL L]
1500 1388 | 1565 | 1096 | 1350 | 1296 | 1562 | 111.2 | 1323 1.2 90.3 64.5 7.3 76.7 94.0 65.6 78.8
- 3000 1181 | 1492 | 1004 | 1226 | 1212 ; 1474 851 121.2 T2.1 887 598 13.5 724 842 545 0.4
E — 4500 1116 | 1271 96.6 111.8 | 99.8 132.3 | 824 1048 | 656 76.4 542 65.4 56.2 752 493 60,2
+ = | 6000 1008 | 11227 9205 | 1018 | 87.0 [ 1241 [ 774 | 962 | 595 | 692 | 532 | 6.8 | 50.1 | 708 | 431 | 54.7
E‘ ~ Mean 124.3 | 1433 | 1980 ;| 124,2 | 1158 [ 1457 | 973 119.6 | 7.0 84.6 60.4 72.7 67.7 85.0 34.6 69.8
o LSP-5% Sp. 4.6 59 37 39
Salt 6.1 67 39 46
5p. X Salt 87 9.1 6.4 69

*S 1= Bermudagrass (Cyriodon dactylon)

$2=Ugandagrass (C. transvaalensis)

S3=Tifway (C. dactylon X C. transvaalensis)
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underground parts in response to all the salinity treatments (in most
cases), even at the lowest salt concentration (1500 ppm). The only
exception to this general trend was recorded in the first season, with
plants grown in sand and receiving the lowest salt concentration (1500
ppm) having insignificantly lower fresh and dry weights, compared to
the control.

Regarding the interaction between the turfgrasses and the
salinity treatments, the data in Table (5) show that, in general, the
highest values for the fresh and dry weights of underground organs
were obtained from Ugandagrass plants irrigated using tap water
(control), whereas the lowest values were those obtained from Tifway
plants receiving the highest salt concentration (6000 ppm), regardless
of the type of soil.

3.2. Effect of saline irrigation water on turf chemical composition
3.2.1. Leaf pigments
3.2.1.1. Chlorophyll contents

The data recorded in the two seasons (Table 6) show that no
significant difference was detected between Bermudagrass and
Ugandagrass in their contents of total chlorophyils, regardless of the
type of soil. On the other hand, Tifway had significantly lower
chlorophyll contents, in both seasons, than Bermudagrass or
Ugandagrass plants.

Also, the data in Table {6) show that the mean chlorophy!l
contents were decreased steadily with raising the salt concentration,
regardless of the type of soil. However, in many cases this reduction
was insignificant, especially when the plants were grown in clay or in
claytsand. In plants grown in clay+sand, only the highest salt
concentration (6000 ppm) reduced the mean total chlorophyll content
significantly in the second season. On the other hand, plants grown in
sand were the most susceptibie to the salinity treatments. In the first
season, these plants suffered a significant reduction in their total
chlorophyll content with all salinity treatments. In the second season, a
significant reduction was detected at salt concentrations of 4500 ppm
or 6000 ppm. The general reduction that was recorded in the total
chlorophyll content as a resuit of raising the salt concentration in the
irrigation water is in agreement with the findings of Fathi (1989) on
apple leaves, and Farahat (1990) on Schinus terebenthifolius and
Myoporum acuminatum.
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Table (6): Effect of saline irrigation water on the total chlorophylls and carotenoids contents of three turfgrasses (Bermudagrass, Lgandagrass and Tifway)
grown in clay, sand or clay + sand {1:1}) durinE the two successive seasons of 1995/2000 and 2000/2001.

Total chlorophyils (mg/gm fresh matter)

Carotenoids (mg/gm fresh matter)

Salt conc. 1% Season 2™ Season 1" Season 2" Season
Mediz (ppm) Turfgrasses* Turfgrasses* Turfgrasses* Turfgrasses*
S1 82 83 | Mean | g1 52 83 | Memm | §1 $2 53 | Maan | §] S2 83 | Memn
Control 330 355 2.84 3.13 3.42 375 2,95 337 0.82 0.95 0.714 0.84 0.84 093 0.4 0.84
1500 319 351 2,77 3.16 340 .51 288 3.26 0.79 .85 Q.70 0.78 0.81 0.90 0.69 0.30
3000 3.00 344 2,61 3.62 3.33 332 2.84 3.16 0.77 0.81 0.62 0.73 0.77 0.35 0.61 0,74
o 4560 2.94 3.25 2.50 2.9 124 329 271 3.08 0,75 0.77 0.60 0.71 .75 031 .55 0.7
K 5000 2.90 310 242 2.51 312 3.15 2.60 296 .71 0.74 4.59 0.68 0.70 0.75 0.45 0.63
v Mean 3.06 3.37 .62 302 3,30 3.40 .79 3.17 0.76 0.82 0.65 0.75 077 084 0.60 0.74
LSD-5% Sp. 0.40 0.45 0.07 0.0
Salt 0.44 0.47 011 0.12
Sp. X Salt 0.58 0.62 0.16 0.18
Control 3.28 3.65 27% 323 385 | 350 .29 345 0.62 0.66 0.64 0.64 0.78 0.83 0.68 0.76
1500 316 2.61 243 2.73 37 331 254 3,19 0.55 0.61 0.62 0.59 0.75 0.7% 0.65 a3
3000 294 258 [R.7] 246 353 3.21 2.31 .02 0.50 0.54 0.59 0.54 0.72 0.78 0.60 0.70
. 4500 2n .55 1.55 227 333 2958 2.00 .77 048 049 0.57 .51 0.69 0.75 0.57 0.67
= 6000 2.55 2.54 1.20 219 310 271 1.33 .40 042 0.46 0.57 0.48 0.67 0.4 0.54 0.65
;2 Mean 292 .78 1.9% 2.56 3.50 1S 223 2.97 0.51 0.58 0.59 0.55 0.72 UF‘F 0.60 0.70
1SD-5%  Sp. 039 0.42 0.05 0.06
Salt 0.47 0.56 0.09 012
Sp. X Salt 0.61 0.69 011 0.15
Control 377 3.99 2.85 354 in 3198 2492 354 0.86 097 0.70 0.84 0.87 0.98 0.71 0.85
1500 3.70 389 230 3.46 3.66 3187 276 343 081 095 0.66 0.81 0.80 0.96 0.66 0.81
- 3600 3,62 3.80 261 334 351 in 2.69 3.31 0.76 0.94 061 0.77 077 095 4,63 0.78
= _ 4500 359 3713 241 3 3138 368 251 3.18 0.74 0.90 0.59 0,74 0.74 0.90 0.61 0.75
i"_"! 6000 3.55 3165 220 313 34 3.64 245 3.08 0.70 0.88 0.54 0.71 0.71 0.88 0.58 0.72
&~ Mean 364 § 381 257 + AM 347 | 37T ) 266 ) A3 077 ) 092 | 062 077 ) 077 | 093 .63 0.78
.U LSD-5% Sp. .36 0.34 0.10 0.09
Salt 0.43 041 0.12 0.12
Sp. X Salt 048 047 0.16 0.15

*S 1= Bermudagrass (Cynodon dactylon)

§2= Ugandagrass (C. transvaalensis)

53= Tifway {C. dactylon X C. transvaalensis)
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Regarding the interaction between the three turfgrasses and the
different salinity treatments, the data in Table (6) show that, in most
cases, Ugandagrass plants irrigated with regular unsalted water
(control) had higher contents of total chlorophyll than any of the other
two turigrasses receiving any of the salinity treatments, in all types of
soil. The only exception to this general trend was obtained in the
second season in plants grown in sand, with Bermudagrass plants that
received no salinity treatment (control) having the highest total
chlorophyll content. On the other hand, the lowest chlorophyll
contents recorded in both seasons were those of Tifway plants
receiving the highest salt concentration (6000 ppm).

3.2.1.2. Carotenoid content

The values recorded in the two seasons for the three turfgrasses
(Table 6) show that, in most cases, Ugandagrass plants had the highest
carotenoids content, followed by Bermudagrass, whereas Tifway gave
the lowest values, in all types of soil, but in the first season, Tifway
plants grown in sand had a higher carotenoids content than those of
Bermudagrass or Ugandagrass. The data in Table (6) also show that
when the grasses were grown in clay or sand, the difference between
the carotenoids contents of Bermudagrass and Ugandagrass was
insignificant (in both seasons), but Ugandagrass grown in clay+sand
gave significantly higher values than Bermudagrass.

As with the chlorophyli contents, the carotenoids content was
also decreased steadily by raising the salt concentration, in all types of
soil. However, the data recorded in the first season show that plants
grown in clay+tsand appeared to be less affected by salinity (in terms
of the carotenoids content) than those grown in clay only or sand only,
since plants grown in clay+sand showed no significant reduction in
their carotenoids content when they received salt concentrations of
1500-4500 ppm {compared to the control). Only the highest salt
concentration (6000 ppm) reduced the carotenoids content
significantly in those plants, compared to the control. On the other
hand, plants grown in clay alone or sand alone showed a significant
reduction in their carotenoids content when they were treated with salt
concentrations of 3000 ppm or higher. In the second season, plants
grown in clay+sand or clay only followed almost similar trends to
those recorded in the first season, but plants grown in sand only were
able to tolerate all the salinity treatments (1500-6000 ppm) with no
significant reduction in their carotenoids content. The reduction in the
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carotenoid content as a result of saline irrigation is similar to that
reported by Reddy and Vora (1986) on wheat, and Fathi (1989) on
apple rootstocks.

Among the different combinations of turfgrasses and salt
concentrations, Ugandagrass plants irrigated with tap water (control)
had the highest carotenoids content, while in most cases, the lowest
value was found in Tifway plants receiving the highest salt
concentration (6600 ppm). In only one case (plants grown in sand in
the first season) the lowest value was that of Bermudagrass plants
irrigated with saline water at 6000 ppm.

3.2.2. Total carbohydrate content

The results presented in Table (7) show that Tifway had the
highest content of total carbohydrates in the clippings, followed by
Ugandagrass, while Bermudagrass gave the lowest values, in all types
of soil (in both seasons). Moreover, when the plants were grown in
sand or in clay, Tifway always gave significantly higher values than
Bermudagrass or Ugandagrass. On the other hand, when the plants
were grown in clay+sand, the difference between the carbohydrates
content of Tifway and that of Ugandagrass was insignificant in both
seasons.

The data in Table (7) also show that the content of total
carbohydrates was decreased steadily by raising the salt concentration,
in all types of soil. These results are in agreement with the findings of
El-Tantawy et al. (1993, b), who reported that salinity treatments.
reduced the total carbohydrates content in Bermudagrass. The
reduction in carbohydrates content under saline conditions was
explained by Moursi ef al. (1976), who attributed this phenomenon to
an increase in the respiration rate, in order to produce enough energy
to overcome the relatively low availability of water and nutrients under
saline conditions.

The reduction in the total carbohydrates content was more
pronounced in plants grown in sand only, with salt concentrations of
4500 or 6000 ppm resulting in significant reductions in the values
recorded, compared to those of the control (in both seasons). On the
other hand, media containing clay (clay only or clay+sand) seemed to
diminish the harmful effect of salinity on sugar synthesis and
accumulation, where plants grown in these two media were often able
to tolerate salt concentrations of up to 4500 ppm with no significant
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‘Fable (7): Effect of saline irrigation water on the contents of total carbohydrates in

ed clippings ol three grasses {Bermudagrass, Ugandagrass an
Tifway) grown in clay, sand or clay + sand (1:1) during the two
successive seasons of 1999/2000 and 2000/2001.

Total carbohydrates (% of dry matter)
Salt conc. 1" Season 2"% Season
Media (ppm) Turfgrasses* Turfgrasses*
§1 82 83 | Maw | §f S2 §3 | Mean
Control 1330 | 1380 | 1455 | 13.82 | 1290 | 1395 | 1499 | 13.95
1560 1303 | 1355 | 1440 | 13.66 | 12.71 | 1377 | 1465 | 1371
3000 1289 | 13.10 | 1425 | 1341 | 1255 | 1352 | 1432 | 13.46
. 4500 1280 | 1287 | 1395 | 1321 | 1230 | 1340 | 1400 | 1320
3 000 1275 | 1265 | 1345 | 1298 | 1185 | 1325 | 1385 | 1298
o Mean 1291 | 13,19 | 1412 | 1341 | 1245 | 1357 | 1436 | 13.46
LSD-5% Sp. 074 0.71
Salt 0.79 0.77
Sp. X Salt 0.87 0.84
Control 1230 | 1325 | 17.50 | 1435 | 12,55 | 1365 | 17.60 | 14,60
1500 1185 | 1285 | 1732 | 1401 | 1215 | 1321 | 1733 | 1423
3000 1146 | 1246 | 17.11 | 1368 | 1188 | 1275 | 17.10 | 1391
- 4500 100 | 1210 | 1650 | 1320 | 1169 | 1210 [ 1685 | 13.55
g 000 1075 | 1185 | 1610 | 1290 | 1125 | 1145 | 1650 | 13.07
7] Mean 1L47 | 1250 | 1690 | 1363 | 11.90 | 12.63 | 17.67 [ 13.87
LSD-5% Sp. 0.89 0.83
Sait 0.93 092
Sp. X Salt 1.08 0.59
Control 13.55 | 1565 | 1635 | 1518 | 1385 | 1575 | 1600 | 15.20
1500 1324 | 1530 | 1597 | 1484 | 1360 | 1534 | 1576 | 1490
"g 3000 1311 | 1485 { 1577 | 1458 | 1324 | 1499 | 1531 | 14.51
&~ | 4500 1285 | 1466 | 1558 | 1436 | 1301 | 1478 | 1435 | 14.21
.i".’ ~ | 6000 1225 | 1435 | 1515 | 1392 | 1290 | 1460 | 1455 | 1402
= T [Mean 13.00 | 1496 | 1576 | 1458 | 1332 | 1509 | 1529 | 14.57
&} LSD-5% Sp. 0.85 081
Salt 0.9t 0.87
Sp. X Salt 112 0.96
* $1= Bermudagrass (Cynodon dactylon) §2= Ugandagrass (C. transvaalensis)

83= Tifway (C. dactylon X C. transvaalensis)

reduction in their content of total carbohydrates (compared to those of
the control).

In both seasons, Tifway plants irrigated using tap water
{conirol) had higher contents of total carbohydrates, compared to
Bermudagrass or Ugandagrass plants receiving any of the different salt
concentrations. On the other hand, Bermudagrass plants irrigated using
the highest salt concentration (6000 ppm) gave the lowest values (in
most cases).




-255-

3.2.3. Na, Cl and Ca contents

The data recorded in the two seasons (Tables 8 and 9) show that
raising the salt concentration resulted in steady increases in the
contents of the three elements (Na, CI and Ca) in the dried clippings of
Bermudagrass, Ugandagrass and Tifway plants grown in the three
types of soil. The accumulation of these three elements at relatively
high concentrations in the plant tissues may result in some toxic
effects, which may be responsible for the reduction in vegetative
growth characteristics that were recorded. Also, the accumulation of
these elements at high concentrations may interfere with the
mechanisms responsible for the ciosure of stomata, thus resulting in an
increase in the rate of transpiration from the plant. This may eventually
lead to plant wilting or death (Meidner and Mansfield, 1968).

Among the three turfgrasses, Ugandagrass always had higher Na
content (Table 8) than Bermudagrass and Tifway (in both seasons).
Ugandagrass also had the highest Ca content (Table 9) in the three
types of soil, followed by Tifway, whereas Bermudagrass always had
the lowest Ca content. On the other hand, when the plants were grown
in clay or clay+sand, Bermudagrass had the highest CI content (Table
8) in the two seasons, followed by Tifway, whereas Ugandagrass had
the lowest content. The same trend was also observed in the sandy soil
during first season, but during the second season, Tifway had the
highest Cl content, followed by Bermudagrass.

The data presented in Tables (8 and 9) also show that plants
grown in clay had generally higher contents of the three nutrients (Na,
Cl and Ca), compared to those grown in sand or clay+sand, regardless
of the type of turfgrass. Regarding the interaction between the
turfgrasses and the salt concentrations, the data recorded in the two
seasons (Tables 8 and 9) show that, in most cases, Ugandagrass plants
irrigated with water containing the highest salt concentration (6000
ppm) had higher Na and Ca contents, compared to any other
combination of turfgrasses and salinity treatments, in all types of soil.
The only exception to this general trend was recorded in the first
season with Tifway plants grown in clay+sand and supplied with
saline water at 6000 ppm, which had a higher Na content than
Bermudagrass or Ugandagrass plants grown in the same type of soil,
and supplied with different sait concentrations. On the other hand, the
highest Cl content (in most cases) was cbtained in Bermudagrass
plants treated with the highest salt concentration (6000 ppm), in ali
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Table (8): Effect of saline irrigation water on the contents of Na and Cl in three turfgrasses (Bermudagrass, Ugandagrass ==——=nd
Tifway) grown in clay, sand or clay + sand (1:1) during the two successive seasons of 1999/2000 and 2000/2001___ .

Na (% of dry matter) | Cl (% of dvy matter)
Salt cone. 1"Season 2™ Season 1"Season 2" Season
Media (ppm) Terfgrasses* Turfgrasses* Turfgrasses* Turfgrasses*
S1 82 §3 | Mem | §] 52 §3 | Meam | §] 82 S§3 | Mean | §i 52 83 | =—=feun
Control 045 | 0.58 [ 043 ; 049 | 048 | 051 | 046 | 048 | 066 | 060 | 064 | 063 | 062 | 056 | 0.56 | CNEEEN).55
1500 049 | 059 | 052 {0531 051 { 058 { 0649 | 053 1073 | 063 [ 0.68 | 0.68 | 0.71 | 0.64 | 0.67 | CEEEEN) 7
- J000 067 | 078 | 0.76 | 074 | 073 | 076 | 0.78 | 076 | 089 | 084 | 0.87 | 0.87 | 093 | 0.8]1 | 0.34 | AN 3¢
o] 4500 087 1093 [ 084 | 088 | 090 | 098 [ 087 092 ' 1.18 1 098 [ 1.03 { 106 | 119 [ 109 | 113 | — %14
6000 094 | 131 {089 | 1,05 | 096 | 142 [ 093 ] 1,10 } 1.56 | 143 | 146 | 1.48 | 1.57 | 1.50 | 146 :T{
Mean 0.68 [ 0.84 | 0690 | 6.74 | 0.72 | 0.85 | 0.71 | 0.76 | 1.00 | 0.90 | 094 | 0.94 | 1.00 { 092 | (.93 | === T) 9%
Control 032 [ 041 [ 035{036| 039 | 046 | 037 | 0.4l | 053 | 044 | 0.48 | 048 | 0.61 | 0.56 | 0.63 | SEEEE———Y).GQ
1500 031 1048 [ 035 | 039 | 043 | 048 | 043 | 0,45 | 059 | 0.53 | 0.56 | 0.56 | 0.64 | 0.61 | 0.66 | Cl———Dgq |
2 3000 038 [ 0.67 | 045 | 050 | 051 [ 058 | 049 | 0.53 | 081 | 073 [ 0.78 | 0.77 | 0.89 | 0383 | 091 [r—
b4 4500 080 [ 085 | 086 | 0.84 : 064 | 071 | 068 | 0.68 | 1.13 | 091 ] 1.09 | 104 | 111 | 090 ; 124 1.08 |
6000 087 (110 | 056 | 098 [ 083 | 092|079 | 0385 | 1.54 | 133 ] 148 | 145 | 123 | 1.07 | 1.30 1,20
Mean 054 | .70 | 0.60 | 061 j 056 [ 0.63 [ 055 ) 058 | 092 | 0,79 | 089 | 086 | 090 | 0.79 | 095 | =—e————) 38
Control 031 ) 043 1 038 | 037} 037 ) 041 ) 043 ) 0.40 | 0.58 | 047 ; 051 | 0.52 ) 0.61 | 0.54 | 0.5 | =) sg
'E 1500 036 1 044 | 042 { 041 | 048 | 047 1 045 | 047 | 063 [ 056 | 058 | 059 | 0.68 | 061 | 0.65 | =wwe—ecgf) 5
f .‘:‘ 3000 0.51 | 063  0.58 | 0.87 | 0.63 | 0.69 [ 0.61 { 0.64 | 0.87 { .77 | 0.83 | 0.82 | 0.87 { 0.85 { 0.81 -0.84
[~ 4500 073079 10651072 | 071079076075 ) 128|093 | 1.14 | 112 | 117 : 1.02 | 1.18 112
o 6000 084 [ 088 [ 091 [ 088 { 083 [ 095 [ 086 {088 | 159 ( 138 | 141 [ 1.46 | 143 [ 1,13 { 138 131
Mean 055 | 063 | 059 | 059 | 0.60 | 0.66 | 0.62 | 0.63 | 099 | 0.82 | 0.89 | 0.90 | 0.95 | 0.83 | 0.92 4.90

*S1= Bermudagrass (Cynodon dactylon)

§2= Ugandagrass (C. rransvaalensis)

S3= Tifway (C. dactylon X C. transvaalensis)
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Table (9): Effect of saline irrigation water on the contents of caicium and proline in three turfgrasses (Bermudagrass,
Ugandagrass and Tifway) grown in clay, sand or clay + sand (1:1) during the two successive seasons of 1999/2000

and 2000/2001,
Ca content (% of dry matter) Proline (p moles/gm fresh matter)
Salt cone. 1% Season 2" Season 1% Season 2* Season
Media (ppm) Turfgrasses* Turfgrasses* TFurfgrasses* Turfgrasses*

§1 82 §3 [ Mean [ gJ 52 83 [ Mean | §] ¥ ] §3 | Mem | §) 82 §3 | Mean

Control 086 ) 093 | 090 | 090 | 086 | 096 ) 093 | 092 | 58 7.3 36 5.6 6.5 7.8 4.2 6.2

1500 088 | 097 | 093 | 093 | 094 | 1021 097 {098 | 76 | 101} 54 7.7 84 91 59 78

[ 3000 098 | 117 | 111 } 109 | 110 | 116 | 1.18 | 1,15 ) 99 | 126 | 73 99 1101 | 11.1 ; 84 9.9
Q 4500 122 ( [28 | [.28 | 126 | 1.2B | 134 | 128 | 130 ) 11.1 | 135 | 89 [11.2 ) 121 | 148 | 93 | 121
6000 138 1 E82 1 146 | 155 | 129 | 138 1 1354 134 L 126 4 149 | 107 } 127 | 137 { 156 | 106 | 133

Mean 106 | 122 | 114 | 115 | 109 | LA7 | 114 | 113§ 94 | 117 | 7.2 94 | 102 | 117 | 7.7 | 99

Control 066 [ 079 | 178 1 074 | 0.76 | 083 | 080 | 0.8¢ | 8.8 9.1 6.3 81 84 | 114 ] 59 | 86
1500 076 | OB8 | 086 | 0B3 | OB3 | 087 | 080 | 083 | 9.5 | 104 | 82 94 | 111 {123 | 78 | 104
- 3000 081 1099 [ 090 | 090 [ 095 | 1027095 ,097 [ 1.8 | 138 ) 98 118 | 128 | 146 | 10.1 | 12.5
-] 4500 1.199 [ 127 | 121 {122 | 105 ) Ll [ 1.09 [ 1.08 | 131 [ 156 ] 105 ] 13.1 | 146 | 169 | 114 | 143
6000 120 [ 1551 127 1134 [ 121 | 126 | 121 | 1.23 | 146 | 168 | 121 | 148 | 159 | 181 | 3.1 | 157
Mean 092 | 110 | 160 | 101 | 096 | 102 | 097 | 098 | 116 | 131 | 94 | 114 ; 126 | 147 | 97 | 123

Control 074 | 083 ] 080|079 {073 078 | 081 | 077 74 9.4 54 7.4 69 | 101 | 5.1 7.4

e 1500 076 | 691 | 086 | 0.84 | 0.82 | 084 | 085 | 0.84 | 9.1 11.5 ] 67 9.1 96 | 113 | 63 9.1
= 3000 093 1102|098 | 098 | 098 | 1.04 [ 099 | 108 [ 109 ; 138 | 89 [ 112 | 115 | 134 ]| 9.6 | 115
%;- = 4500 114 1 [.02 1122 ) .22 1 105 ) 113 ] 1.10 | 1,09 13.1 ) 149 | 109 | 13.0 | 13.7 | 161 | 111 | 136
o 6000 1LE9 [ 134 | 129 | R27 | 1,18 | 128 | 122 [ 123 | 142 | 161 ; 11.8 ) 140 | 145 | 169 | 122 | 145
Mean 095 | 1.7 | 1.03 | 1.02 | 055 | 1.01 | 099 [ 099 | 109 | 13.1 | 87 | 109 | 11.2 | 136 | 89 | 11.2

*S1= Bermudagrass (Cynodon dactylon) 82= Ugandagrass (C. transvaalensis}  83= Tifway (C. dactylon X C. transvaalensis)
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types of soil, whereas the lowest Cl content was that of Ugandagrass
plants irrigated with tap water (control). The only exception to this
trend was recorded in the second season, with Tifway plants grown in
sand and supplied with the highest salt concentration (6000 ppm)
having a higher Cl content than plants of the other two turfgrasses that
received the different salinity treatments (in the same type of soil).

3.2.4. Proline content

Considerable differences were obtained in the two seasons
between the proline contents in the three turfgrasses (Table 9). Among
the three turfgrasses, Ugandagrass plants always had the highest
proline content, followed by Bermudagrass, whereas Tifway had the
lowest values, regardiess of the type of soil. In this respect, it should
be noted that Ugandagrass plants also had the most vigorous
vegetative growth (in terms of mean plant height, as well as fresh and
dry weights of clippings), while Tifway had the least vigorous
vegetative growth. This means that plants with high proline contents
were those that were able to show a relatively high tolerance to
different salinity levels, and to grow vigorously even at relatively high
salt concentrations.,

The data recorded in the two seasons (Table 9) also show that
the proline content was increased steadily by raising the salt
concentration, in all types of soil. This can be considered as an
indication that proline synthesis and accumulation in the plant may be
one of the mechanisms by which the plant resists the adverse effects of
salinity on plant growth. Similar increases in the proline content of 4
Zoysia species and 4 hybrids grown under saline conditions have been
recorded by Lee ef al (1994), who suggested that a significant
increase in proline content could be a good parameter for salt tolerance
index of Zoysia grasses. Also, Maraim (1990) and Marcum and
Murdoch (1994) concluded that proline accumulation in turfgrasses
grown under saline conditions can make a substantial contribution to
cytoplasmic osmotic adjustment.

Among the different combinations of turfgrasses and salt
concentrations, Ugandagrass plants receiving the highest salt
concentration (6000 ppm) had a higher proline content than those
obtained with Bermudagrass or Tifway plants irrigated using the
different salinity levels. On the other hand, the lowest proline content
was that of Tifway plants irrigated using tap water (control).
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It is also clear from the data in Table (9) that proline content
was increased by decreasing the percentage of clay and/or increasing
the percentage of sand in the growing medium. Accordingly, plants
grown in clay had lower proline contents (with values of 3.6-14.9 p
moles/gm, and 4.2-15.6 p moles/gm in the first and second seasons,
respectively) than those grown in clay+sand {with values of 5.4-16.1 n
moles/gm and 5.1-16.9 p moles/gm in the two seasons, respectively)
or sand (with values of 6.3-16.8 p moles/gm and 5.9-18.1 p moles/gm
in the two seasons, respectively). This observation may be atiributed to
the higher water holding capacity of clay, which leads to a dilution of
the soil solution, and a diminishing of the adverse effect of salinity on
the root and its ability to absorb water and nutrients.

Recommendations

From the above results, it can be recommended that growing
Bermudagrass, Ugandagrass and Tifway in sand only should be
avoided, especially in areas irrigated with saline water. In any case, the
salt concentration should not exceed 1500 ppm. If these
recommendations are followed, Ugandagrass can be used with no
significant reduction in growth and quality, compared with lawns
irrigated using tap water.
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