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ABSTRACT

Proline, chlorophyll- a, b and tota? chiorophyll contents in the leaves of one- year- old
uniform seedlings of “Nibaly" olive, “Safida" guava, "Balady” citron, "Banzahir” lime and "Timour*
mango were studied in glasshouse trial in 1898/ 1899 and 1999/ 2000 seasons at salinity of 0, 25,
50 and 100 m.mol NaCl in the irfigation water. it was noticed thet the leaves of citron seedlings
contained the highest level of proline (7.64 mg/ g) followed by lime (6.17 mg/ g), mango (4.6 mg/
g). guava(2.36 mg/ g) and olive seedlings which had the lowest leve! of leaf proline content (1.57
mg/ g). Compared with controls, increasing MaCl concentration in the irrigation water induced
significantly higher increases in the ieaf proline content of the different fruit species. Based on the
results, it is evident that the changes in proline levels have an inverse relationship with the salt
tolerance. Therefore, the relative salt tolerance may be in the following descending order: olive,
guava, mango, lime and citron. Under salinization, the levels of chiorophylla, b and total
chlorophyll in the different fruit species seediings were progressively decreased with increasing
NaCl concentration in the irrigation water as compared with the control. In addition, the leaf
chiorophyll content was significantly differed between the experimental fruit species under salinity
treatments.

ADDITIONAL INDEX WORDS: Salinity, Fruit epecies, proline, chlorophyil.

INTRODUCTION

Fruit trees are among the most sensitive horticuttural crops to soil salinity
(Mass, 1990). Fruit yields are affected at relatively low threshold soil salinity and
decrease more rapidly than most crops as salt concentrations increase above
the threshold. In mature trees, the wood can provide a substantial sink for the
storage of salt. With the cumulative effects of salt buildup in the wood from one
year to the next, Na* levels suddenly begin to increase in the leaves. This
observation has been reported for citrus (Dasberg et a/., 1991) and different fruit
trees (Boland et al., 1997). This rapid transport of Na* {(and accompanying CI)
to leaves usually resulted in toxic and lethal foliar concentrations that lead to the
death of individual branches or even the whole tree. High salt concentrations in
the soii solution and/or irrigation water create high osmotic pressure, reducing
the availability of soil water to the plant and poses threat of osmotic withdrawal
of water from plant tissues and specific ions such as sodium and chloride may
prove toxic at high concentrations (El-Hag and Sidahmed, 1897).

The accumulation of free proline and certain other amino acids in plant
tissues in response to a variety of environmental stresses has been reviewed
recently (El-Sayed ef al., 1996 and Sabbah et al., 1996). Proline was the most
prevalent free amino acid in cirus lfree tissues and targe differences in

Vol. 7 (4), 2002 873



J. Adv. Agric. Res.

concentration occurred between stressed and non-stressed tissues (Syvertsen
and Smith, 1983). Proline accumulation in response to salinity has been
extensively documented in higher plants (Stewart ef al, 1966; Brown and
Hellebust, 1975; El-Hefnawy, 1986; Bondok ef al., 1995 and El-Hamady ef al.,
1996). Bamett and Naylor (1966) suggested that proline may act as storage
compound for energy and reduced nitrogen and carbon to be used post-stress
metabolism. Also, Stewart and Lee (1974} reported that proline might act as
cytoplasmic osmoticum counteracting the effect of salt accumulated in the
vacuole. Whether or not the increased proline concentration in response to
environmental stresses is adaptive or merely in adaptive of existing stress has
been debated (Syvertsen and Smith, 1983).

Regarding to the chlorophyll content of the salinized plants, it is obvious
that all the chiorophyll contents were reduced as a result of increasing salinity
(Ashraf, 1994). Likewise, Attalla (1987), Bondok ef a/. (1995) and El-Sayed ef al.
(1996) suggested that the chlorophyll content depend on the biological
processes and development stages of the plant and also on the type and
concentration of the salts.

The purpose of the present study is to evaluate the leaf proline
accumulation and chiorophyll content of seedlings of olive, guava, citron, lime
and mango with respect to their response to salinity in the irrigation water.

MATERIALS AND METHODS

The present study was carried out during 1988/ 1999 and 1999/ 2000
seasons on five fruit species namely: olive (Olea europea L. cv. Nibaly), guava
{Psidium guajava L. cv. Safida), citron (Citrus medica L. cv. Balady), lime (Citrus
aurantifolia Swingle cv. Banzahir) and mango (Mangifera indica L. cv. Timour).
Seeds of guava, citron, lime and mango and cuttings of olive were planted in the
first week of September of both seasons in beds filled with 1:1 peat moss and
sand in the glasshouse of Botany and Microbiclogy Department, College of
Science (Women Students Section), King Saud University. At age of one - year-
old, uniform plants of each species were transplanted into 10x10x30 tm
polyethylene pots containing washed sand media. Each pot contained three
seedlings and there were five pots for each of the four salt treatments. Thus,
there were sixty plants for each of the five fruit species. Plants were irrigated
with 300 m! of a compiete nutrient solution (Hoagland and Amon, 1953) three
times a week until the end of the experiment. The saline treatments were 0
(control), 25, 50 and 100 m. mol sodium chioride added to the nutrient solution.
Salt treatments were initiated one- month after transplanting. Controls received
nutrient solution only.

Three leaf samples were collected from the seedlings of each fruit species
of the different treatments for proline and chlorophyl! determination. The first leaf
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samples were coliected after one month of the saline treatments and then every
four weeks until the end of the experiment after three months during both
seasons. The leaves were washed several times with tap water and distilled
water. In order to determine proline, leaf samples were dried in a forced-air oven
at 70 °C for 25 h., micro milled and the free proline was extracted by shaking
(0.5 g) of the samples with 10 ml 3% sulfosalicilic acid for 2 h. at 30 °C. Proline
concentration (as mg/ g dry weight) was determined colorimetrically with glacial
acetic acid and acidic ninhidrin by using UV/ Visible Spectrophotometer- LKB-
Biochrom 4050 at 520 nm, according to Bates (1973) and {_evy (1980) using L-
proline as standard.

For chiorophyll determination, 1 g of the fresh leaf samples were dipped in

10 m! N, N- Dimethyl Formamide solution for 48 hrs. at 4 °C in the dark.
Chlorophyll concentration (as mg/ 100 g fresh weight) was measured in the
extraction colorimetrically by using UV/ Visible Spectrophotometer- LKB-
Biochrom 4050 at 664 nm for chlorophyll-a and 645 nm for chlorophyll b
(according to Moran and Porath, 1980). Total chlorophyll was calculated {as mg/
100-g fresh weight) by using the following mathematic manipulations:

Chlorophyll-a = 9.78 x D* 684 - 0.99 x D 645

Chiorophyll-b = 21.426 x D 664 - 4.65 x D 645

Total chiorophy!l = 5.134 x D 664 + 20.436 x D 645
D* = Optical density at the wave length.

The data obtained were subjected to the analysis of variance for split- plot
design presented by Steel and Tomie (1980). Differences among leaf proline
and chiorophyll contents of the fruit species were separated by Duncan's
muitiple range tests using the SAS statistics program package (SAS Institute
Inc., 1995).

RESULTS AND DISCUSSION
I-Changes in the levels of proline in response to salinity levels:
Results in Table (1) and Fig.(1) showed that there were significant
differences in the leaf proline content between the five fruit species seedlings
during whole time of the experiment. It was also noticed that, as an average of
salinity levels, the leaves of citron seedlings contained the highest level of
proline (7.64 mg/ g dry weight) followed by lime (6.17 mg/ g), mango (4.6 mg/
g), guava (2.36 mg/ g) and the olive seedlings which had the lowest level of leaf
proline content (1.57 mg/ g) as affected by sodium chloride treatments. In
addition, results in Table (1) indicated that increasing NaCl concentration in the
imigation water induced significantly higher increases in the leaf proline content
of the different fruit species. Results of the first leaf sample showed that the
different NaCl salinity treatments caused a marked accumulation in the leaf
proline as compared with that of the untreated ones. However, no significant
differences were found between 25, 50 and 100 m.mol NaCl treatments. During

Vol. 7 (4), 2002 875



J. Adv. Agric. Res.

the second and third leaf samples there were significant differences in the leaf
proline content between NaCl treatments including the control (Table, 1).

The accumulation of proline is generally considered to be a response of
the different fruit species to increasing salt stress. The results demonstrated a
wide variation in response to salinity. This supports the idea that proline
synthesized in the leaves and subsequently, is transported to roots and fruits as
an adaptive mechanism to avoid any yield depression (Syvertsen and Smith,
1983 and Sabbah et al. 1996). Results of the present study suggest that one
should select those fruit species or cultivars with salinity adaptability under field
conditions. This indicated that the ability of these fruit species to tolerate salinity
may be depending on its leaf proline content. Based on the results, it is evident
that the changes in proline levels have an inverse relationship with the sait
tolerance. Therefore, the relative sait tolerance may be in the following
descending order: olive, guava, mango, lime and citron.

Table 1. Effect of NaCl levels on the leaf proline content (mg/ g dry weight) of
some fruit species during 1998/ 89 and 1999/ 2000 seasons.

Leaf Samples ‘
Treatments First Second Third Average
1998/ 9972000 1998/99 99/200( 1998/99 99/2000
99
Fruit species
Qlive 032e 040c¢ 1.75¢c 1.99b 268Bc 226e 157 e
Guava 1564d 174c 1.70c 214b 387bc 3.18d 236 d
Citron 723a 749a 700a 716a 898a 8.00a 764 a
Lime 517b 557b 631a 697a 703a 601b 617 b
Mango 329c 349bc 500b 518a 545b 521c 460 ¢
Salinity treatments
0 {Control) 160b 184b 1563b 179c¢ 146d 120d

157 d
25 m. mol NaCl 384a 390z 461a 529b 4.96c 466c 454 ¢
50 m. mol NaCli 423a 483a 540a b554abh 6.52b 6.12b 544 b
100m. molNaCl  426a 448a 577a B23a 891a 831a 633 a
Means not sharing the same letter within columns are significantly different (P<
0.05),Duncan’s multiple range tests.
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These findings were in agreement with those obtained by many
investigators such as Downton and toveys (1981) on grapevine, Kaul (1981) and
El-Hefnawy (1986) working on guava seedlings, Bondok ef al. (1995) on peach,
El-Hamady et al. {1996} and Piqueras et al. (1996) on some Citrus cultivars and
rootstocks and ElSayed et al. (1996) working on 14 olive cultivars, found that
leaf proline content increased under salinization. They also found that the less
sensitive olive cultivars were ranked intermediate depending on their abiiity to
exclude sodium and chloride from the leaves. Recently, Abdel-Kader (2002)
working on certain fruit seedlings, found that olive appeared to be relatively salt
tolerant specie as evidenced by survival of the plants with increasing NaCl
salinity in the irmigation water. She also found that citron was extremely sensitive
with sait concentration where its plants did not tolerate all NaCl treatments for a
long time. She also revealed that guava, mango and iime seedlings appeared
as medium tolerance to NaCl salinity stress.

ll- Changes in the leaf chlorophyll contentin response to salinity
levels:
1-  Chlorophyll-a:

Results in Table (2) and Fig.(2) showed that there were significant
differences in the leaf chlorophyll-a content between the five fruit species in the
three leaf samples. As an average of salinity levels, the leaves of olive seedlings
contained the highest concentration of chlorcphyli-a (63.73 ma/ 100 g fresh
weight) followed by guava (31.88 mg/ 100 g), citron (23.93 mg/ 100 g), mango
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(16.42 mg/ 100 g) and lime seedlings which had the lowest concentration of leaf
chlorophyll-a content (13.68 mg/ 100 g). However, no significant differences
were found in the leaf chlorophyll-a content between lime and mango seedlings.

Results also indicated that NaCi salinity treatments reduced significantly
the leaf chlorophyll-a content of the different studied fruit species as compared
with the control. As an average of five fruit species, there were no significant
differences in the leaf chicrophyl-a content between 25 and 50 m.mol and
between 50 and 100 m.mol treatments (Table, 2).

2-  Chiorophyli-b:

Results in Table (3) and Fig.(3) revealed that during the whole time of the
experiment, there were significant differences in the leaf chlorophyll- b content
between the fruit species. As an average of salinity levels, the leaves of olive
seedlings had the highest level of chlorophyll- b (36.62 mg/ 100 g fresh weight)
followed by guava (18.65 mg/ 100 g), citron (12.76 mg/ 100 g), mango (9.53 mg/
100 g) and lime leaves which contained the lowest chiorophyll-b content (7.21
mg/ 100 g). However, no significant differences were found in the leaf
chlorophyll- b content between lime and mango seedlings.

Table 2. Effect of NaCl levels on the leaf chlorophyll-a content (mg/ 100-g fresh
weight) of some fruit species during 1998/ 99 and 1999/ 2000 seasons.

Leaf Samples
Treatments First Second Third Average
1998/98 99/2000 1998/99 99/200( 1958/99 99/2000
Fruit species
Qiive 60.09a 7269a 6690a 6250a 5808a 6212a 63.73a
Guava 51.23b 5563b 3089b 2483b 1324b 1544b 3188b
Citron 30.38c 3280c 2962b 21.18c 1190b 1794b 2393¢c
Lime 11.77d 16.17d 2151¢c 1611e 7.17c 9.37e 1368d
Mango 8.11d 12.33e 29.16b 2500b 984bc 14.06¢c 16.42d
Salinity treatments
0 (Control) 3431a 4091a 4346a 37.34a 30.16a 38.38a 3743 a

25 m. mol NaCl 30.12b 3442b 3500b 3080b 2138b 2578b 2960b
50 m. mot NaCl 31.08b 33.08b 33.30bc 2922b 14.10bc 18.34c 26.52bc
100 m. mol NaCl 36.03a 4083a 2957c 2335c¢ 1140c 1576d 26.16¢

Means not sharing the same letter within columns are significantly different (P< 0.05),
Duncan's multiple range tests.

Vol 7(4) 2002 878



J. Adv. Agric. Res.

| B otive
: [ ¢
04 :
7 35 : 3 Guava
£ 60Et
4% .
=8 ’.3. 1 i & Citron
g 23 :
= 50': . '
[ i : ! M Lime
N ;
& 401 : i
s ‘£3 : t | @ Mango
= e H }
= 3075 : :
= i re . i
¥ 2013 : ,
¢ H i
N e H
ke d
T4
re
+ 1o d
12 d
3

(LT

o ARSI

25 50 100

m.mol
Fg{2):Efect of NaCl levels
on leaf chlorophyll-a content

As for the influence of salinization on the different fruit species, data
showed that, as an average of five fruit species, all NaCl concentrations in the
irrigation water caused significant decreases in the leaf chlorophyll- b content as
compared with the control. In contrast, no significant differences were noted in
the leaf chlorophyll-b content between treatments (Table, 3).

3- Total chlorophyil:

Results in Table (4) and Fig. (4) indicated that there were cbvious
differences in the leaf total chlorophyll content between the experimental fruit
species. It was also noted that the leaves of olive seedlings contained the
highest level of total chiorophyll (100.36 mg/ 100 g fresh weight) followed by
guava (50.85 mg/ 100 g), citron (37.75 mg/ 100 g), mango (25.94 mg/ 100 g)
and the leaves of time seedlings which had the lowest concentration of total
chlorophyli (20.81 mg/ 1C0 g).

Results also revealed that the levels of leaf total chlorophyl! in the fruit
species significantly decreased with increasing NaCl concentration in the
irigation water as compared with the control. It was also noted that, as an
average of five fruit species, there were no significant differences in the leaf total
chlorophyil content between 25 and 50 m.mol and between 50 and 100 m.mol
NaCl salinity treatments, however.
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Table 3. Effect of NaCl levels on the leaf chlorophyll-b content (mg/ 100 g fresh
weight) of some fruit species during 1998/ 1999 and 1999/ 2000 seasons.

Leaf Samples
Treatments First Second Third Average
1998/99 99/2000 1998/99 99/200( 1998/99 99/2000
Fruit species
Olive 4775a 4365a 2910a 25.00a 3501a 3921a 3662a
Guava 2593b 21.13b 2476b 2036b 982b 992b 1865b
Citron 17.12¢c 1292¢ 15.76c 11.96d 935b 945b 1276¢c
Lime 11.12d 7.06d 1045d 825e 311d 331c 7.21d
Mango 590e 574d 1627c 1407¢ 655¢ 865b 953d
Salinity treatments
0 (Control) 2389a 1967a 2556a 21.40a 1824a 2068a 2157a

25 m. mol NaCl 2090b 1668b 17.36b 15.16b 11.35b 1555b 16.17b
50 m. mol NaCl 21.10b 17.00ab 18.44b 14.24b 10.35bc 1245b 1559D
100 m. mol NaCl 2275a 1665b 15652¢c 13.12b 932c 956¢ 1448b

Means not sharing the same letter within columns are significantly different (P< 0.05),
Duncan's multiple range tests.
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Table 4. Effect of NaCl levels on the leaf total chiorophyll content (mg/100 g
fresh weight) of some fruit species during 1998/ 99 and 1999/ 2000

Seasons.
Leaf Samples
Treatments First Second Third Average
. 1998/99 99/2000 1998/99 99/200( 1998/99 99/2000

Fruit species
QOlive 113.19a 110.99a 90.70a 92.80a 96.13a 9835a 100.36a
Guava 7800b 7592b 50.17b 5257b 23.12b 2532b 5085b
Citron 4853¢c 4447c 4125c 4365c 2220b 2642b 37.79c
Lime 2417d 2195d 26.10d 30.20d 1041c 1263d 2091e
Mango 18.26e 13.82e 40.14c 4436c 1843b 2087c 2594d
Salinity treatments
0 (Controtl) 61.59a |57.19a [ 62.13a|66.35a 52.53a|5493a|5912a

25m.molNaCl |5426b (47.86b |47.50b| 51.72b) 35.04b { 39.13b| 456.92D
50 m. mol NaCl |53.15b {49.11b | 48.10b| 5220 b 2542¢c | 29.82c| 42.97 bc
100 m. mol NaCl { 59.44a | 56.84a | 40.65c| 40.89 ¢| 22.00d | 24.04 d| 40.64 ¢
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In general, the levels of leaf chlorophyll- a, b and total chlorophyll in the
experimental fruit seedlings markedly decreased with increasing NaCl
concentration in the irrigation water. In addition, the leaf chlorophyll content was
significantly differed between the experimental fruit species as affected by NaCl
salinity. High salt concentration in the soil solution create high osmotic pressure,
reducing the availability of soil water to the plant and impeding nutrients uptake,
thus, resulting in slowing of all biochemical processes including chiorophyll
biosynthesis. It has been reported (Carter and Myers, 1963) that NaCl, CaClk
and Na;S0, inhibited chiorophyii and c:rotene production in grapefruit leaves.
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Nieves et al. (1991) reported marked reduction in lemon leaf chlorophyit by salt
treatments. Also, Ezz and Nawar (1994) found that irrigation one- year- old sour
orange seedlings with saline’ water (up to 4500 p.p.m. NaCl + CaCl,) reduced
leaf total chlorophyll and chiorophyll-a contents, but did not affect chiorophyli-b
concentration as compared with the control. Bondok ef &l. (1995) found that the
peach leaf chiorophyll content decreased with increasing salinity. Similarly, El-
Hag and Sidahmed (1997) found that the leaf chiorophyll content of lime .
seedlings was progressively reduced by high salinity. El- Dawwey (1998)
reported that with regard to the type of salt, NaCl, Na,SO, and CaCl; caused
adverse effects in decreasing order on leaf chiorophyll content of Balady
mandarin and Manfalouty pomegranate seedlings.

CONCLUSION

it can be concluded from the above mentioned results that one should
select those fruit species or cultivars with salinity adaptability under field
conditions. in addition, the accumulation of proline and the reduction of
chlorophyll contents are generally considered to be responses of the different
fruit species to increasing salinty stress.
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