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Abstract: Water relations and net photosynthesis in apparently healthy palms

and palms affected with yellow leaf disease arc studied. Stomatal resistance was

significantly higher in the outer and middle leaves of diseased palms, while transpi-

ration rate and photosynthetic rate were significantly lower. Chlorophyll content

was also significantly reduced. Net photosynthetic rate was reduced with increasing

light intensities, beyond saturating levels. CO2 assimilation was saturated ut pho-

tosynthetically active rudiation of 800 /4 mol m -2 5°

. in healthy palms and 506 /

2 -1

p# molm ™ s 7" in diseased palms. Totul sugars and starch accumulated in leaves

of diseascd palms despite impaired photosynthetic machinery. Leaf water potential

and turger potential were significantly higher while osmatic potential was lower in

the Jeaves of discased pulms. Evidence is presented to show that disease leads w

stumnatal closure independent of water deficit.

Keywords: Areca calechu, Yellow leul discase, MLO's, Photosynthesis, Water

relations.

The arecznut pulm (Areca catechu Linn.) is an important plantation crop of
commercial value in India. Yellow leaf disease (YLD) is a serious malady of arecanut
which is prevalent in parts of Kerala and Karnataka in southern India (Nayar, 1976).
Possible involvement of mycoplasma like organi-ms (MLOs) in causing YLD was
reported (CPCRI. 1988: Nayar and Seliskar, 1978). Several plant. ‘yellows’ type
diseases caused by MLOs lead to stomatal closure with increased stomatal resistance
nd water potential (Matteoni and Sinclair, 1983). Abnormal stomatal opening with
reduced stomatal resistance und water potential have also been reported in the case of

(wilt, disease of coconut (Rajagopal, ef al 1986.1987), a MLO's caused discase.

In this paper

ind starch (n

palnis since in

viter refation components, net photosynthetic rate, chlorophylis, sugars
sisedsed paims were determined and compared with apparently healthy
armanon ahout the eitects nf YLD on these parameters is lacking.
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Water Relations And Net Photosynthesis Of Arecanut
Palms Affected With Yellow Leaf Disease
MATERIALS AND METHODS

Host Plant: 3-4 year old and 18-20 year old arecanut palms (Areca catechu Linn.)
affected with yellow leaf disease (disease index score 20-23 (George et al. 1980) as we‘ll
as.apparemly healthy palms in a farmer’s field at Sullia, Karnataka and healthy palms
raised at the CPCRI Farm, Vittal (12° 259 N and 75° 42° E, 91m above sea levenﬁ
were used in the present study. All experimental palms were planted at a spacing of
2.77 x 2.7m. Each palm was fertilized annually with N 100 g, P 40 g and K 140 g‘:md
1_' kg each of green leaf and cattle manure. Adequate drainage was provided during
rainy scasgn with drainage channcls of 90-115 ¢cm. depth to drain excess water. Each
palm received 175 liters of water in summer months once in a week. \ -

Method of sampling: The method of lcaf samphng was based upén the phyi-
lotaxy of palms. Beginning with the fully openced inner most (youngest) which numh‘crﬁd
one, each leaf was numbered in radial spiral down to the crownl.> Three leaftlets were
sampled from the middie portion of the feaves numbered: 1 (first leaf), 3 (middl;: leaf)
and 6.(outer feaf) in young palms and 1.4.9 in adult palms rcspeclive‘lv rcprcccnti‘n'
the spirally arranged whorls of fronds. All measurements were dctf:rm'xr,wd vucuzordin{;
to method described by Rajagopal et al. (1987) during September - October hctwuca
.I[).()()-]Z.()() indtan Standard Time (IST) on clear days. The number of palms studied
in eiach case s presented in tables with statistical analysis. S

l)c'l,crminntinn of stomatal resistance (rs), stomatal conductance (cs)
tn-mspxration (E), photosynthesis (PN, and intercellular carbnmlin\'i;l(,:
(ci) 18, c< E. PN and Ci were measured with o Licor-6200 portable photosym'hcx'ix
system with onc htre chamber enclosing up to 20 cm 2 |eaf area. The nmantanco‘u-s
water use efficiency (WUE) was calculated as the ratio of the PN to thn.: E Durin;
observatm_r;s. rr;c photosynthetically active radiation (PAR) ranged between 5'15-1201(5)
/H .mol m "“s "', air temperature (Tair) between 32.54 and 33.02° C. leaf temperature
(Ti) between 29.9° C and 33.0° C, rel: we humidity (RH) between 58.4 andl629
vapour pressure between 2.81-3.08 Kpa. vapour pressure deficit between 1.84-2.34 k‘lz;
and External Carbondioxide (Coy Ext) 317-325 ppm. ‘ . "

Determination of water potential () w), Osmotic potential (x), and
.Turgor potential (P): ¢ w was determined on excised leaves using a Scho]a;\der’c
~pressgrqch‘mlher {soil moisture equipment, USA) according to the method describec;

by Mnipurn and Zimmermann (1977). Leaf sap for = determination was obtained
according to the method described for hard material like coconut by Slavik (1974)
The leaflets wgre cut into smull segments and immediately plunged into liquid njtrogenl
After a few minutes of thawing, sap was obtained using screw type metal hand press. A
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10 - u | aliquot of the expressed sap was absorbed on to a filter paper disc and osmotic
potential was measured with vapour pressure osmometer model 5100 (Wescor, USA).
The instrument was calibrated with standard sodium chloride solutions before intiation
of the experiment. Turgor potential was calculated from the values of ¢ w and = using
the formula P = ¢ w - 7 according o Slavik (1974). ~

Determination of total sugars and starch: Leaf discs of 0.5 cm diameter
were punched throughout the length of leaflets and 2 g (fresh weight) pooled samples
were extracted three times in 25 ml %0¢% ay. cthanol at 80°C for 15 min. The pooled
extracts were concentrated to dryness and extracted thrice in a total volume of 10 ml
distilled water. The extract was fractionated 1nto cationic, anionic and neutral fractions
by passing through columns (2 g wet gel) of Dowex - 50 (H *) and Dowex -1 (H-co)
in sequence. The soluble sugars present in the neutral fraction was estimated by the
phenol-sulphuric acid method (Dubois, et al 1956) with glucose as standard. The
dlcohol insoluble residuc containing carbohydrates and starch was dricd to constunt
weight at 60° C and powdered. 50 mg of the sample was digested thrice in 10 ml
36% Perchloric acid with grinding at room temperature (28 & 19 C) for 4 hr. filtered
and made up to 50 m! with distilled water. An aliquot of extract was used to estimate
the hydrolysed starch by phenol-sulphuric acid method with starch (Sigma, USA) as

standard (Dubois et al 1956).

Chlorophyll estimation: 100 mg of pooled leaf tissue was homogenized and
extracted with 85% cold ag. accetone and made upto 25 ml after filtering through
Whatman No. | filter paper.  All the operations were carricd out at 42 C in a
dark room. The samples were read at 663 nm. 646 nm and 470 nm and chlorophyll a,
chlorophyll b and carotenoids were estimated according to Lichtenthaler and Wellburn

(1983).
RESULTS AND DISCUSSION

The effect of YLD on the rs and E of young and adult palins are shown in Table
1 and 2 respectively. In young palms. rs increased by 55.55% and 72.53% 1n the
middle and outer leaves respectively, over controls. The diseased young palms showed
34.96% and 57.98% reduction in E in the middle and outer leaves respectively, over
that of the apparently healthy palms. Ci was higher in the first, middle and outer
leaves of the diseased young and adult palms than in the controls. In adult palms,
rs was higher by 19.71% and. 46,065+ in thc middle and outer leaves. While E was
decreased by 5.34% and 33.16%. Changes in 4 w, = and P is presented in Table 1. ¥
w increased in the first, middle and outer whorls of the diseased palms while = and
P were decreased in the middie and outer leaves compared to the values in similar
leaves of the,apparently healthy palms. Total chlorophyll content of middle and outer
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leaves of the diseased palx"ns was reduced by 8.5% and-82.87% respectively compared
to the apparently healthy controls (Table 3). Diseased palms showed 5.7% and 83.06%
reduction in chlorophyll a content in the middle and outer leaves respectively compared
to controls. Chlorophyll b and Carotenoid contents decreased also in the middle and
outer leaves over that of apparently healthy palms.

Table 1. Photosynthetic characteristics and water relations in healthy,
apparently healthy and yellow leaf disease affected

leaves of young arecanut palms.

Varameter/ Healthy Apparently Healthy Diseased LSD

Iraf posi- Cste- . Leaf

tion 1 3 ] 1 3 6 1 3 6 gn.ry pasitian

Photosynthent:,

PN (/gimo)

w2 k) 1.56m 4.00 422 6.12 5.35 3.85 4.05 2.85 1.1l 0.87°* O0.87°*
(-37.00h (-46.72) -71.16) ‘

Swmalal condue-

tanee, Cs

(ein &-1) 0349 0.50 0.43 0.72 0.73 0.52 107 0.53 008 0.17°* 017"
(+4B.011 (-:27.39)  (-05.38)

PN/Cs ratio 11.69 8.00  10.57 850 7.32 7.40 3.78 5.37 6.16
-55.52) (-20.63)  (-16.75)

Stoinatal resistance,

e t8cm-1) 347 2.82 263 1.78 1.76 2.56 122 3.96 9.32 L35t 1:3h=s
(-31.46)  (+55.55) (+72.53)

Transpiration E

(mmol m-2

zee-1) 3.73 4.62 4.52 4.46 4.55 3.38 5.33 2.96 1.42 0.73*  0.73*"
(+16.32) (-34.96) (-57.98)

Intercellular carbon-

dionde, Ci

(ppm) 247.03 264.63 255.63 264.59 26570 276.19 284.07 277.61 278.86 14.61°* NS
(+ 7.36) (+ 4.48) (+ 0.96)

Water poteotial,

(MPn) DRI S NN T -7 -118 0 -1 09 -0.88 -0.62 -0.50  0.82** 0B2""
(+14.78)  (+47.45) (+54.12)

Osmotic poterntinl ‘

(MPa) GBS 188 155 479 472 185 140 175 240 NS 019
(+2).78) (-1.79) (-29.72)
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Parameter/ Healthy Apparently Henlthy Iieeased 18D
len{ posi- Cale- Lasd
tan | 3 6 i 3 6 | 0 Rory pEBSILOD
Turgor pote:-
tial | 0.57 055 0.72 LA 053 o 0.52 113 1.90 0.25°* 0N.25=

CHLINY (4133200 04 150,00

Watrr Usr
Efficiency, WUE 137 1.01 iz L2 1.24 L 0.70 1 60 1.0} 025 N

a Each value is the mean of ten pulri:

b Values in parcntheses show percentage increase (+) or decrease (-) over apparently healthy palms
p ¥

= or

* denotes significunt at P = 0.01 or P = 005, NS = Nol Sigmilicant
»

Table 2. Photosynthetic characteristics and water potential in healthy,

uapparently healthy and yellow leaf disease affected

leaves of adult arecanut palms.

Pacamster/ 150"
leafl pow- Heslthy Apparvntly Healthy Disenacd Curte Leal
s | 4 [4 | 4 9 1 4 Y porv  posttion
Photnaynthesi, PN
(/gmal 1.2 aec-1) 4.49" 6.02 3.57 5.86 4 b0 5.42 128 1.60 056 050
(-7.5)b  (-29.96) (-61.72)
Stomatal conduc
Lance, ca
(em 5-1) 0.81 0.80 0.52 0.77 0.75 0.48 119 0.77 0.26 NS 012
(+54.54) (- 2.66) (4580
PN/cs ratio 7.36 7.52 6.86 761 7.81  10.00 4.55 555 6.15
(-40.21)  (-28.93)  (-38.5)
Stomatal resis-
tance, re (ecm-1) 178 1.44 2.4 1.75 1.7] 3.8 1.17 2.3 5.84 052 0.52
(-33.14)  (+18.71) (+46.06)
Trauspiration, E
(mmol m-2 see- 1) 660 7.58 5.92 B 551 .04 6.68 532 2.70  0.57 057
(+13.02) (- 534) (33106
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Iaraneter L5l

leaf posi- Healthy Apparentiy Healthy Dincaned Cate. Leafl

won | Bl 9 | 4 9 1 4 9  pory position

Intercellular carbun

dhoxide, Cioppmt 274 84 Z67.67 276.75 271.53 26K 46 25597 279.70 277.30 28453 717 NS
42807 1+ 32T 141115

Waler potentiag

w M S826 1 2) -1 <121 120 118 BN 095 -0.8]1 0.06 0.06

a Each value is the mean of twenty palms
b Values in parentheses show percentage increase (+) or decrease (<) over appurently healthy palms

** Significantat P = 0,01, NS = Not Sigmificant

Table 3. Total chlorophylls, chlorophylls a and b, chlorophylis
a/b ratio and carotenoids in yellow leaf disease affected

leaves of adult arecanut palms,

frarameter wnd Heulthy App healihy Diseunrd 1Sh

lens pomition | 4 9 | 4 9 | 4 9 Cale  poxition
gury (P

Towal chlorophivils

tmg gl resh wn 2030 276 282 30F 39K 336l 3.47 364 0.65  047°" 0.47°°

€413.0M (- 8.5 8227

Chloraphyll a

™
3]
S

tmg gl fresh wti 149 204 203 201 264 247 2.48 042 0.20° 0:29°*
(+ 7.58) (- 5T (-b3 0061

Chiorophyll b

tmg p-4 fresh w) 053 055 079 w80 135 |4 1.20 1.16 023 0.23 0.20°*
(+24.36)  (-14.000  -80.53)

Chlarophyll n/b

ratio 283 278 260 246 297 229 2.9% 214 221 040" N&
:21.00) 1+ 1.9) 1-4.5)
Carotrnonds ving g | iresh wi) 0.5 067 063 065 075 079 0.67 0.74 0.16  0.12°° 0.12°

(4307 (- 1.3} 179.74)

a Each valuc is the mean of six palms
b Values in parentheses show percentage increase (+) or decrease (-) over apparently healthy palms

** or * significant ot P = 0.05; NS = Not Significant.
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Total sugar content increased in the middle and outer leaves of the discased palms
by 35.93% and 37.96% respectively. Starch content increased by 33.20% and 23.48%
in the middie and outer leaves respectively, over that of the controls (Table 4).
Table 4. Total sugars, reducing shgars and starch in healthy,
apparently healthy and yellow leaf disease affected

leaves of adult arecanut palms.

I'aramcterfieal LS.
pusilion Healthy App healthy Ixeared
4 ] 4 9 4 4 Catergery Leal

FEmalar.

Total sugsrs
tmg/p-l Iresh wio 13.31a 15.01 17.24 1874 2691 30 21 1754 N>
143593 (+37.96)

Reducing sugars

g g fresh wi) 8.81 9.77 LR 7 HS 19.234 2n.24 NS
f+118.02) L+ 1T Ry
Stureh tng gl
(reah wi) 607 46,649 {07 40.05 60.05 234 LR NX
+30.20) L2398

a Each value is the mean of six patms.

Values in parentheses show percentage increase (+) or decrease (<) over appurently healthy phims

e

ur * simificant at Po= 0.05; NS = Not Signifieant

N
n

w
3

Py (A mol m-25-h)
z v

200 400 600 800 1000 1200
PAR (u mol m=2 s1)

Fig. 1. Rclatlonshxp between photosynthesis and photosynthcncally active radiation
(PAR) in healthy (0 - 0), apparently healthy (B'- ) and YLD affected are-
canut leaves (g} n )
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Infection by YLD significantly reduced net photosynthesis over a wide range of
irradiances with maximum reduction at higher irradiances (Fig-1). In healthy paims
PN saturated at 800 /umol m 2 5 -1 whereas in diseased palms saturation occured
at 500 /umol m 251 The net photosynthetic rates in both apparently healthy and
infected leaves are shown in Table 1 & 2 . Diseased young palms showed 37.09%,
46.72% and 71.16% reduction in net PN in first, middie and outer leaves respectively,
over that of controls. In diseased adult palms, PN was significantly lower by 7.5%,
29.96% and 61.72% in first, middle and outer Ieaves respectively than that of controls.

The diseased palms showed significantly higher rs and ¢ w as compared to
apparently healthy palms. As a result of stomatal closure, E was significantly reduced
in outer and middle whorls of diseased palms. Further, stomatal regulation was
impaired due to infection irrespective of thé age of the palms. Similarly in American
elms, white ash, chockecherry, periwinkle and coconut showing typical ‘yellows’ type of
symptoms induced by respective MLO’s agents, rs and ¢ w were higher than in healthy
controls indicating that infection caused stomatal closure (Matteoni and Sinclair 1983,
Mcdonough and Zimmermann 1979). Induction of stomatal closure by internal factors
such as ABA in response to water deficits (Walton,1980) or high Ci (Zeiger, 1983) or
toxins under the stress of microbial attack (Strobel,1974) have been reported eariier.
The leaves of first whorl of the diseased palm had stomatal opening despite higher Ci as
compared to the outer leaves where s was higher. Arntzen et.al. (1973) demonstrated
that Helminthosporium toxin inhibited light induced K+ uptake by guard cells that
close the stomata similar to the mode of action of ABA. A similar kind of mechanism
might be opcrating in the leaves of YLD affected palms, though the nature of toxin
is yet to be identified. Toxins have been implicated in yellows diseases of periwinkle
caused by Spiroplasma citri (Daniels, 1979).

The net PN of diseased palms was significantly reduced by infection with M1.Os
associated with YLD of arecanut. The importance of stomatal closure in regulating
PN due to infection in ‘Yellows' diseases was revealed by earlier findings of parrellel
reductions of PN and E as diszase developed (Matteoni and Sinclair, 1983). However,
in the present study, the photosynthetic CO, assimilation was reduced at high Ci with
decreased PN /cs ratio which implies that mesophyll factors are more affected than
stomatal factors. Jacob and Udaya Kumar (1988) suggested that changes in PN /cs
ratio reflects stress imposed effects on the stomatal and mesophyll factors. A decrease

in PN /cs ratio leads to an increase in Ci which implies that mesophyll capacity for PN
is affected than cs.

<eductions in chlorophyll content (Table 3) in the leaves of diseased palms could
reduce PN by uvecreasing overall photophosphorylation resulting in less generation
of ATP and NADPH (Hopkins and Hampton.1969). It is abuious that the decrease

)
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