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ABSTRACT

A field experiment was conducted at the golf greens of the 6™
Oct. City, Giza, Egypt during 2006 and 2007 seasons to detect how far
humic acid (HA) application at the rates of 0, 10 and 20 ml/L. as a soil
drench can help Tifway Bermudagrass hybrid (Cynodon dactylon x C.
transvaalensis) to resist salinity of irrigation water at the levels of 0,
4000, 8000, 12000 and 16000 ppm when grown in beds (100 x 100 x
30 cm.) filled with a mixture of sand and loam (1:1 v/v).

The obtained results in both seasons indicated that plant height
(cm), density (%), number of plants/m* and herb fresh and dry weights
(g) were progressively increased with significant differences as a
result of increasing HA rate regardless of saline water concentration,
but they were significantly decreased in response to all saline water
treatments. A similar trend was also gained with regard to pigments
content (mg/g F.W.) and the percentages of N, P and K in the leaves.
The opposite was the right concerning the content of Na and Cl (mg/g
D.W.), as they were gradually increased with increasing salinity level,
but were cumulatively reduced with raising HA rate. Proline content
(n mol/g D.W.), however showed a progressive increment due to
elevating the rate of either HA or salinity.

Hence, under the condition of such work, it could be
summarized that Tifway Bermudagrass can proportionally tolerate
salinity of irrigation water up to 16000 ppm, especially if treated with
HA at 20 ml/L. as a soil drench that greatly improved growth, density,
colour and chemical constituents under salinity stress.
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INTRODUCTION

The importance of lawn as the major part of gardens, public
parks or athletic playlands, and as the basis of landscape design is well
known at present. It is the part of garden where one may rest, play and
really enjoy the garden. Lawns provide useful outdoor living space,
and do much to make the environment more pleasant. They protect
and improve the soil, hold down dust, ameliorate temperatures in both
summer and winter and contribute to biological balance (Bailey,
1976).

Grasses, however are especially well adapted for lawns, among
of them Tifway Bermudagrass, a hybrid resulted from Cynodon
dactylon (L.) Pers. x C. transvaalensis Burtt-Davy (Fam. Gramineae),
native to tropical and subtropical areas, so thrives well in warm or hot
weather under full sun. It is a long-lived perennial with a spreading
habit of growth; leaves are fine, soft and mostly near base of clum and
on the runners. It withstands constant close mowing, forming a
compact dense turf suitable for athletic fields, parks and home-lawns.
Propagated from cuttings (runners division), underground root stocks
and seeds (Huxley ef al., 1992).

Increasing need for salt-tolerant turfgrasses is still continuous
due to increase growth in arid and semi-arid regions, where potable
water is limited, and the underground or other water sources are salty.
Salinity however may cause some harms for turfgrass plants. In this
connection, Mansour and Hussein (2002) found that increasing
salinity of irrigation water up to 6000 ppm reduced the growth, as well
as the chlorophylls, carotenoids and total carbohydrates contents of
Tifway plants grown in sand, clay or sand + clay (1:1, v/v). Lawn
coverage, plant height and clippings fresh and dry weights were
significantly reduced, especially for plants grown in sand, while those
grown in clay had higher Na, Ca and Cl contents. Peacock et al.,
(2004) mentioned that diluted sea water at the rates between 7000 and
27000 ppm resulted a great reduction in shoot weight of Tifway which
reached 43%, while root and crown weights were unaffected.
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Similarly, were those results attained by Lee et al., (2004) on 4
bermudagrass (Cynodon dactylon x C. transvaalensis) cultivars
(Tifgreen, Tifway, Tifsport and TifEagle), Adavi et al, (2006) on
Tifway and Pessarakli and Touchane (2006) who indicated that root
and shoot lengths of Tifway-419 and seashore paspalum were
stimulated at the low levels of NaCl (5000 and 10000 ppm), but
substantially decreased at the high levels (20000 and 30000 ppm). As
the exposure time to salt stress progressed, shoot and root fresh and
dry weights were more severly affected than the shoot and root
lengths. Tifway-419 was more affected than paspalum under any
levels of NaCl applications. Uptake of Na and Cl was increased,
whereas K uptake was decreased.

On the other hand, turf managers generally recognize the
importance of fertilization for turfgrass maintenance, especially under
drought or salt stress (Snyder and Cisar, 2005). Humate, a salt of
humic acid reactions, is one of several humic substances that being
marketed as soil conditioners for turfgrasses. They can provide soil
microbes with energy, improve nutrients retention in the soil and
enhance the water holding capacity (Dorer and Peacock, 1997). Doak
et al., (2005) confirmed that humic acid at 3.5 or 7.0° 2./100m? of
Agrostis palustris turf reduced the negative effects of NaCl at 6000
ppm, whereas Na and proline contents were increased. On the same
line, were those results of Zhang and Schmidt (2000) on Festuca
arundinacea and Agrostis palustris, Zhang et al., (2003) on Agrostis
stolonifera, Zhang and Ervin (2004) on Agrostis palustris, Hunter and
Anderos (2004) on Agrostis stolonifera and Hunter and Butler (2005)
who reported that humic acid significantly increased fresh and dry
weights of Agrostis stolonifera herb with improving leaf colour and P
content. A nutrient leaching was minimized when humic acid
treatment was applied.

The present work however is an attempt to improve growth and
performance of Tifway Bermudagrass hybrid exposed to salinity stress
by adding the growth stimulant, humic acid.

MATERIALS AND METHODS

A field experiment was performed at the golf courses of the 6™
Oct. City, Giza, Egypt during the two successive seasons of 2006 and
2007 to study the effects of saline irrigation water, humic acid and
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their interaction on growth behaviour, quality and chemical
composition of Tifway hybrid turf.

Cuttings of Cynodon dactylon (L.) Pers. x C. transvaalensis
Burtt-Davy hybrid "Tifway" (about 2 cm long) were planted on April,
15™ for each season in beds (100 x 100 x 30 cm; for length, width and
depth, respectively) filled with an equal mixture of sand and loam
(1:1, v/v). The physical and chemical analyses of the used sand and
loam in the two seasons are shown in Table (1).

Table (1): Some physical and chemical properties of the nsed soil textures during
2006 and 2007 seasons.

Partirle size distributlon (%t) Catinm (roeg/L) Aninns (rmeg/L)
Seil EC.
atare | F= sP | oo | pH

S| Fine sm | oy cet | Me*  mer| xr|HCO; @ sof

2006 | 89.02 2.05 0.40 852 | 2300 | 316 792 7.50 163 3360 050 | 320 2200 1893
Sandy

2007 | 90.16  19S 0.50 745 | 2286 | 374 | 760 |1942 833 20 075 | 150 .00 2710

2006 | 1018 4517 1953 2412 | 3500 | 330 | 889 |1750 942 2000 0.79 | 380 1008 3391
Loamy

2007 | 1830 4554 1088 2420 | 33.00 | 3.51 0.16 |[1860 895 2050 0.65 | 355 1020 3445

The cuttings (200 g/bed, as such weight contains about 1200-
1300 cuttings), were regularly scattered (as large-sized seeds) on the
surface of the beds, then gently pressed with a flat and smooth piece
of wood for more contact with the soil mixture, and finally covered
with a thin layer (about 0.5 cm) of the same soil mixture. After
planting, the beds were daily sprayed with fresh water (about 750-800
ml/bed) to wet only the zone in which cuttings are imbedded using a
watering cane with fine pores until sprouting, which were completely
established within 10 days. The beds were afterwards irrigated once
every two days with 2 liters of fresh water/bed until May, 15™ as they
were subjected to the following treatments:
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A. Saline water treatments:

NaCl salt was mixed well with CaCl, salt at the ratio of 1:1 by
weight. Saline water was then prepared from the salts mixture at the
levels of 0, 4000, 8000, 12000 and 16000 ppm. Each bed was irrigated
with 5 L of different water treatments twice a week till fifteenth of
October (end of the experiment).

B. Humic acid treatments:

Actosol, a humic acid NPK (10:10:10) liquid organic fertilizer
was added as a soil drench at the rates of 0, 10 and 20 ml/L. monthly
after each cut. The different constituents of the applied liquid organic
fertilizer were determined and illustrated in Table (2).

Table (2): Main characteristics of the used liquid organic
fertilizer during 2006 and 2007 seasons.

Components Value || Components| Value Components |Value
Humic acid (%) 29 EC(dS/m) 593 B (mg/L.) |70.00
Organic matter/total solid (%) 42.51 N (%) 10.00 Fe (mg/L.) ]900.00

Total humic acids/total selid o
(/10 (2/L.) 165.80 P (%) 10.00 Mn (mg/L.) | 90.00

Organic carbon (%) 24.64 K%) | 1000 | Zn(mgL) [90.00
C/N ratio 2.46 Ca%) | 0.06 Cu(mgL) |90.00
pH 8.20 Mg (%) ([ 0.05

C. Saline water and humic acid interaction treatments:

Each treatment of saline water was combined with each
treatment of humic acid to form fifteen interaction treatments.

After two months from planting date (at June, 15™), first cut was
handly done with a very sharp stainless steel shear to leave stubbles
with one inch long. Other four cuts were carried out monthly
thereafter. Each treatment was replicated three times of one bed each,
in a randomized complete blocks design (Mead et al., 1993).

Before each cut, mean plant height (cm) was recorded, whereas
density% (Mahdi, 1953), number of plants/m® and fresh and dry
weights (g) of the resulted clippings after mowing were monitored
after each cut. However, means of each parameter mentioned above in
the five taken cuts were collected and expressed in the tables as an
average for all cuts.
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In fresh leaf samples taken from the last cut, photosynthetic
pigments content (chlorophyll a, b and carotenoids, mg/g. F.W.) was
measured according to the method described by Moran (1982), while
in dry samples taken also from the herb of the last cut, the percentages
of N, P and K and the content of Na and Cl (mg/g. D.W.) were
determined according to the methods indicated by Jackson (1973), as
well as proline content (u mol/g D.W.) by the method explained by
Bates et al., (1973).

Data obtained were statistically analyzed according to SAS
program (1994) using Duncan's Multiple Range Test (1955) for
verifying the significant differences among means of the different
treatments.

RESULTS AND DISCUSSION

Effect of saline water, humic acid and their interaction on:
1. Vegetative growth parameters:

From data averaged in Table (3), it is clear that the height of
Tifway plant (cm.) was significantly increased with increasing HA
rate in the two seasons, but progressively decreased as salinity level in
irrigation water was raised with significant differences in most cases
of both seasons.

However, the tallest plants in the first and second seasons were
found due to irrigation with fresh water under HA treatment at the rate
of 20 ml/L., whereas the shortest ones were obtained in the two
seasons from those plants didn't receive HA under the various salinity
levels. Addition of HA on the other hand, significantly elevated such
parameters, even under the high concentration of saline water
indicating that HA application at either 10 or 20 ml/L. improved plant
growth due to decreasing the harmful effects of salinity, and that this
improvement was augmented with raising humic acid rate.

A similar trend was also gained concerning density % (Table, 3)
and number of plants/m® (Table, 4) with the superiority of 4000 and
8000 ppm saline water treatments, which significantly increased these
two parameters in the two seasons to the highest means comparing
with control treatment irrespective of HA treatments, except for 20
ml/L. humic acid treatment which raised density of control plants in
the two seasons to 100%. In general, covering rate under the highest
level of saline water (16000 ppm) was more than 60% for control
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plants in the two seasons, and significantly increased in response to
either rates of HA to become more than 70% or so, indicating the
ability of Tifway plants to withstand high salinity level, especially if
amended with humic acid.

Table (3) Effect of saline water, humic acid and their
interaction on plant height and density of Cynodon dactylon x
C. transvaalensis (Tifway) (L.) Pers. plants during 2006 and

2007 seasons.
Humi

:;it Plant height (cm.) Density (%)
V/L.)

Mean Mean
Saling | 00,00 | 10.00 | 20.00 00.00 | 10.00 | 20.00

water
lcone.

(ppm)

First season: 2006

00.00 R
8829 [1543% | 17.82* | 14.02% | 79.10* | 98.50* | 100.00* [92.53 *

4000 | g 179 | 1320P | 14.08° | 11.82° [ 83.90" | 100.00* | 100.00* 94.63*

BO00 | csof | 10.76% | 11.96¢ | 9.74¢ | 85.36" | 100.00* | 100.00* }95.12

12000 | 5417 | 738° | 878¢ | 7.199 | 71.00° | 79.50 % | 87.45° [79.32
16000 | 4337 | 663 | 7.56° | 6.17¢ | 63.199 | 71.33° | 72.80¢ |69.11°¢

Mean | cgosc | 10.68° | 12.04° 76.51° | 89.87° | 92.05°
Second season: 2007
9489 | 17.60° | 18.58* | 15.22* [ 80.67°®| 96.33* | 100.00* [92.33 %

00.00

4000 | 9109 | 1552" (1676 | 13.79° | 85.70% | 100.00* | 10000 g5 739

000 | 786 | 12.80°¢ | 13.95 | 11.54¢ | 89.17° | 100.00* | 10000* g6 392

12000 | 6637 | 876 | 9.56° | 8339 | 71.58° | 7843 | 86.90° [78.977
16000 | 5337 | 726% | 8.03°¢ | 6.87° | 62.79% | 69.30° | 70.66° 67.58¢

Mean | 7695 | 12397 | 1338* 7798% | 88.81% | 91.51°

Means within column or row having the same letters are not
significantly different according to Duncan's Multiple Range Test
(DMRT) at 5% level.




82 THE ROLE OF HUMIC ACID IN REDUCING

Table (4) Effect of saline water, humic acid and their
interaction on number of plants/m2 of Cynodon dactylon x C.
transvaalensis (Tifway) (L.) Pers. plants during 2006 and
2007 seasons.

Humi;l

‘“it First season: 2006 Second season: 2007

rate

I/L.)

Mean Mean

Saline
'water 00.00 | 10.00 | 20.00 00.00 | 10.00 | 20.00
conc.
(ppm)

00.00 |1200.00 *|1356.00%| 1687.00° | 1414.33 *| 1156.00 # | 1400.33 ¢ [1680.76 >[ 141236 ¢
4000 |[1270.60¢|1428.76%|1776.35|1491.90 ™| 1213.80 ' [1470.00 *| 1764.00 ® | 1482.60®
000 [1335.13 %[ 1500.46°|1865.80*[1567.13 * [1279.50 | 1548.50° | 1868.21 *| 1565.40*
12000 [1104.00®|1247.52°]1553.17¢|1301.56 *| 1061.70 | 1394.00 * |1656.00 *| 1370.57
16000 |1016.688| 1150.73 (142588 9| 1197.73°| 978.44 ™ | 1300.65 ¢ | 1521.58 ° | 1266.89 *
Mean |1185.28¢|1336.70"|1661.64* 1137.89¢|1422.70® | 1698.11 *
Means within column or row having the same letters are not

significantly different according to Duncan's Multiple Range
Test (DMRT) at 5% level.

Regarding herb fresh and dry weights (g.), data in Table (5)
show that HA treatments induced a gradual significant increment in
such two characters with increasing HA rate in both seasons, even
under the highest salinity level, whereas saline water treatments
significantly depressed them. However, the heaviest fresh and dry
weights were recorded in the two seasons by plants irrigated with
fresh water and fertilized with 20 ml/L humic acid.

The positive effects of HA on improving vegetative growth of
Tifway plants could be ascribed to the role of humic acid in increasing
the availability of nutrients in the soil through influences on soil
microbial activity. These results go in line with those of Doak et al,
(2005) on Agrostis palustris and Hunter and Butler (2005) on Agrostis
stolonifera. On the other hand, the reduction of growth due to saline
water treatments may be attributed to a decrease in all volume at a
constant all number caused by salinity (Adavi ef al., 2006). Likewise,
Pessarakli and Touchane (2006) revealed that mechanism of salt may
result in cell division inhibitory and hence, reduces the rate of plant
development. However, Jou et al, (2006) indicated that ATPase
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participates in the endoplasmic reticulum Golgi mediated protein
sorting machinery for both housekeeping function and
compartmentalization of excess Na™ under high salinity. On the same
line, were those results attained on Tifway by Mansour and Hussein
(2002), Peacock et al., (2004), Lee et al., (2004) and Adavi et al,
(2006).

Table (5) Effect of saline water, humic acid and their interaction on

fresh and dry weights of Cynodon dactylon x C. transvaalensis
(Tifway) (L.) Pers. herb during 2006 and 2007 seasons.

Humig
“itd Fresh weight (g.) Dry weight (g.) Mean
rateg
(VL.
Sali Mean
r’:l::' 00.060 | 10.00 | 20.00 00.00 | 10.00 | 20.00
(ppm)

First season: 2006

00.00 | 56229 79.37% | 85.99* | 73.86* [ 17.99% [ 2528 * | 27.50* | 23.59*
000 | 51.42°|73.09° 8127|6859 16.33¢ | 23.36P | 2596 | 21.88"
000 | 48.40° | 73.98 | 80.74 " |67.71%| 15.49% | 23.50° | 2560* | 21.53"
12000 | 45.167 | 64.87% | 68.00° | 59.34¢ | 14439 | 20.74¢ [21.76®| 18.98°¢
16000 | 40.59F | 58.33% | 60.76°% | 53.239 | 12.98¢ | 19.50° | 19.50° | 17.33¢
Mean | 48.36¢ | 69.93% [ 7535% 15.45°¢ | 22.48" | 24.06*
Second season: 2007
00.00 | 59.13° | 7624 [ 88712 | 74.69% | 18.93° [24.38" | 28.36% | 23.89°
4000 | 52747 | 75.91° | 82.00% [ 70.22% [ 16.86¢ | 24.00" | 26.10% | 22.32°
000 | 49.92% | 71.58% [ 7723 | 66.24° | 15979 | 22.88% | 24.65% | 21.17¢
12000 | 43.50% | 63.45°% | 67.10¢ | 58.02¢ | 13.78°4| 20.40® [ 21.46° | 18.551
16000 | 39.158 | 57.00% | 60.30¢ [ 52.15¢ | 12.50¢ | 18.24*1| 19.20° | 16.65°¢
Mean | 48.80° | 68.84% | 7507* 15.61° | 21.98" | 23.95°

Means within column or row having the same letters are not
significantly different according to Duncan's Multiple Range Test
(DMRT) at 5% level.

2- Chemical composition:

Data in Tables (6, 7 and 8) exhibit that pigments content
(chlorophyll a, b and carotenoids) as mg/g F.W. and the percentage of
N, P and K in the leaves of Tifway plants were gradually decreased as
a result of irrigation with various levels of saline water, but
progressively increased with increasing HA rate. The opposite was the
right in the matter of Na and Cl content (mg./g. D.W.) , as they were
augmentatively increased with various significant levels as salinity
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concentrations increased, but significantly decreased in the leaves of
plants fertilized with HA. So, applying of humic acid caused a
limitation in absorption of both Na and Cl elements, which usually
cause coagulation and toxicity when exist at high concentrations in
plant tissues.

Table (6) Effect of saline water, humic acid and their interaction on pigments content (mg/g
F.W.) in the leavex of Cyseadon dactylon x C. transvealensis (Tifway) (L.) Pers. plants during

the second season (2007).

arid Chlorephyll 2 Chlorephyll b Cawienaids

ne

(mlL)
Mean Mean Mean

Safine 000 | 1000 | 20.00 000 | 1000 | 2000 000 | 1000 | 2080
waier
SORL.
Gpm)

00.00 | oss2: | 011+ | 0994+ | 019 | 028 | 0291 | 03870 | 0302+ |0.6e | 0.479% | 0561 | 0.0~

4000

0.26' | 0.876- | 0.889 | 0730 | 0.2107 | 0.238- | 0374« 0.291= | 0,354« | 0.298% | 0.479* | 0.410"

8000 | o.d10c | omoe | o7 | 005+ | oaser | 02614 | 0.R1: | 0287 | 0Dl | 00724 | 0.6« | 0%~

12000

0.M6t | 0561~ | 0.583% | 0.47¢ | 0.158c | 0233~ | 0.263~ 0212 0.2997 | 0.322+ | 0364 | 0.318¢

16000 | o.03c | 0.04% | 0.526¢ | 0.1 | 0.04* | 02097 | 816+ | 0.090¢ | 0261c | 0.287 | o.m1- | 0.0~

Mean 0.407- | 0.835 | 0.720- 0.182° | 0.7 0.316* 0.334= | 0.372% | 8.0

Means within column or row having the same letters are not significantly different according tn
Duncan's Multiple Range Test (DMRT) at 5% level.

* ok

Increasing the content of some minerals in the leaves of Tifway
plants fertilized with HA may indicate the role of such biostimulant in
releasing more nutrients necessary for healthy growth and decreasing
the phosphate fixing capacity of the soil (Heng, 1989). On the other
hand, the higher salt concentration in the nutrient medium usually
leads to an increase in the uptake of some highly hydrophillic ions,
e.g. Na or borate (Doak e al., 2005).
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Table (7) Effect of saline water, humic acid and their interaction on N, P and K content in
the herb of Cymedsn dactylon x C. transwmalensiy (Tiferny) (L.) Pers. plants during the
second season (2007).

Humiz
N Po% K%
id %) (%) (%)
Tale W
{miL)
Masn Maen Maan
Saline 000 | 1830 | 2000 0.00 1000 2000 000 | 1000 | 2000
WART
CORL.
- pm)
0000 | 31 [ 2= | 300- |268-| 13- 1 190+ L | 1o | zne | 2. | 2240
4000 2184 | 2me | 297e | 3B g LETE Lo = La~ | s | 1e- [ 2me | 1m=
8000 201+ | 20~ | 271+ | 238+ | lez- 128~ LI 17y | 1o~ | L= | 2 | L7
12000 | 15~ | 2z« | 20 | 205-| omae 0. 106 096+ | L | Ls1e | 1o1e | s
16000 | 13 | Lm~ | 206~ | 172 | 0@ 0.8t o o7« | o | 1ase | 13- | L1se
Mesn 1e1- | 23 264 0.99« L Ll - 1L®- | L&+ | 211-

Means within column or row having the same letters are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

Table (8) Effect of saline water, humic acid and their interaction on proline, Na and Cl1
content in the herh of Cymedeon dactylon x C. transvaslensis (Tifway) (L.) Pers. plants during
the second sesson (2007).

Humic
acid | Proline (4 molig D.W.) Na (mg/g D.W.) Cl (mg/g. D.W)
Tale
(mlL)
i Mpan Mean Menn
water o.00 10.00 | 20,00 0.o0 10.00 20.00 0.on | 10.00 | 20.00
CORL.
pm)
0000 | :m: 36 43+ | 3624 | L=  LIC LB LI« | 384 1w L | 224
4000 4%~ s5m< s+ | 5me | Lme  LB- - | 1we | ame 2w Ler | 2me
8000 &M%+ M= 93¢ | se- | 18- LW« L2t L. | 34- 25  207c | 2.6
12000 | 50~ 1341 1sss- | 1350+ | 2M0¢ Lee  Laav L7+ | 380  299- 236w | 3ee:
16000 | 74+ 2186 2551 | 2182 | 251-  Lo- L6~ 20+ | a®- 3y« 284 | m-
Mean
850-  1841v  1234- L9 Lt L%+ Y T

Means within column or row having the same letters are not significantly different
according to Duncan'’s Multiple Range Test (DMRT) at 5% level.

As for proline content (u mol/g D.W.) in the leaves, it was
cumulatively increased with raising either HA rate or salinity level.
So, the highest record in this trait was registered by plants treated with
the highest levels of both salinity (16000 ppm) and HA (20 ml/L.). It
was suggested that accumulation of some amino acids and amides in
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the leaves of salinity-stressed plants may be due to de novo synthesis
and not to the result of degradation (Gilbert et al., 1998).

Such results, in general showed a similar trend to those of
Pessarakli and Touchane (2006) on Tifway-419 and seashore
paspalum and Hunter and Butler (2005) on Agrostis stolonifera.

From the previous findings, it could be concluded that Tifway
Bermudagrass can relatively tolerate irrigation with saline water up to
16000 ppm, specially if treated with humic acid at 20 ml/L to improve
growth, density, colour and internal constituents.
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