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GAS EXCHANGE CHARACTERISTICS OF COC'''-\ GRO\\~ l·'iDER 
ARECANUT IN ·RESPONSE TO DRIP IRRlGA TION 

D. Balasimha. K. B. Abdul Khader and Ra,·i Bhat· 

ABSTRACT 

This study describe the erreels of different Inrl.~ of drip irrigaion on the gas exchange 

characteristics of cocoa under arecanut palms. The irrigation leHls were 10 liters/dOl.\" (II), 

20 liters/day (12) and 30 liters/day (13). Higher soil water content was measu red in IJ Inel. 

Stomatal resistance was higher in 11 level, which reduced photosynthesis and transpiration 

in both crops. Photoslnthesis was c1ose.ly related to stomatal conductance in cocoa, but there 

was no mesophyll limitation due to water deficit as e·ncountued in 11 leHI. 

INTRODUCTION: 

Cocoa is cultiva:cd as 3 mixed crop with ar:::canut in Southern Int.!ia. Durillg 

summer months the weather is dry for 5-6 months resulting in soil ant.! atmospheric 

drought. Water stress leduced leaf area (Sale, 1970), decrensed photosynthesis (Jo!y 

and Hahn 1989, Balasimha et a\., 1991) and affected yield (Hutcheon et al. 1973) 

of cocoa plants. Arecanut is raised as an irrigated crop and the environmental conditions 
in these areas are favourable for cocoa growth (Shalll<l Blla!, 1988). Significant yield 
increase in arecanut with drip irrigation has heen reported (Abdul KhaliL'!". 198:1). 

Various methods of drip irrigation have been tried in cocoa e:lIlier (Jadin et al. 
1976; Khan et al. 1988). The objective of this study was to determine the effect 
of supplemental water applied through drip irrigation during dry weather on the 

gas exchange characteristics of cocoa and arecallul. 

MATERIAL AND ~IETHODS : 

A mixed garden planted with a spacing of 2.7 x 2.7 111 for arCCLlllll! (Areca 

Catechu L) and 2.7 x 5.4 III for cocoa (Tlreobroma cacao L) was used for the study. 

Cccoa was planted in 1988 under 26 year old arecanut ill a splill plot design with 

three levels of irrigation in main plots alld four levels of fertilizers ill sub plots 
having five replicates. Irrigations were given through drippers during tile dry season 
i.e. from Decernh~r I. .~ dy at the r:.lle of 10 liter/day (II). 20 litcrid;iy (12) and 

.. Central Planf:llinn Crup~ RC'i(' ;lIch In<;lillllf. Rt..·~lOn:\1 SI:lliol1, \'it1.1: . 57d 2·n 
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(13). Under treatment rI, two emitters of 2 Iph capacity were used. 


treatement 12, two emitters of 2 Iph and one of 4 Iph capacities were used. 


ile I3 had three emitters of 4 Iph capacity. The drippers were placed ill the basins 


f arecanut and cocoa plants. For this expcriment only treatments with recomnlcnded 


dose of fertilizers viz. 100 g N. 40 g P 0 an~ 140 g K 0 per year were considered .

2 5 2

antitative estimations of soil moisture was carried out gravimetrically in soil cores 


lected during Mar _h. Measurements of stomatal conductance (gs). transpiration 


net photosynthesis (Pn) were made in the leaves of five cocOa trees (one each ' 


replicates) using LI-6200 portable photosynthesis system (Li-Cor Inc., Nebraska, 


USA). Microclimatic parameters viz. light (PAR), vapour pressure deficit (VPD), 


(Tair) and leaf (Tleaf) temperatures were also recorded . In each cas.e, fully expanded 

ealthy third or fourth leaf from the distal portion of most recently hardened nush 

about one month old) was used. Six mcasurcments were taken for each tree frolll 

the canopy. This was done with a one liter ciJalllbcr enclosing upto 25 Clll~ 
area and equlibrated for 1-2 min. Two observations were logged for each leaf 

8 seconds ' intervals (Balasimha et aI., 1991). Leanets from third leaf frolll top 

of arecanut were excised and measurements made immediately using same instrument 

(Chowdappa and Balasimha 1992). Leaf water potential (\jI) was measured with 

lander pressure chamber (Soil Moisture Equipment Corpn. Santa Barbara, USA). 

studies were conducted during 1990 to 1995 for cocoa and 1990 to t993 for 

t and all measurements were made in March between 10.00 to 12 .00 h for 

statistically using MSTATC package. 

ULTS AND DISCUSSION: 

The period without rainfall can be as long as 5-6 months (December to t..,1ay) 

in these regions. This increases atmospheric drought also. When microclimatic parameters 

measured between 10.00 and 12.00 h, there were no significant variations 

PAR. Tair and relative humdity (RH) in relation to irrigation levels. The VPD 

slightly higher in I I level (Table I). However. there were no significant variations 

most of these parameters due to irrigation levels or years except in RH at different 

Moisture contents at the horizontal and vertical distances in the plant basins 

given in Fig. l. Moisture percentage was higher closer to the point source in 

level. Vertical movement of water was highter than lateral movement (Phillip, 

1968. Bresler et aI., 1971, Raats. 1971). Gas'exchange characteristics. were measured 

in March and data presented in Tables 2 and 3. Significantly lower gas was recol<kd 

in II level as compared to 13 for both cocoa and arecanul. The valucs also v:lIieJ 

. significantly among the years. Due to this stomatal. closure, transpiration was reduced 

in II, resulting in retention of leaf turgidity. Therefore no significant differences 

in water potential were discernible. Stomatal normally close in response to reduced 

soil moisture and increased VPD (Schulze et aI., 1972. Jarvis 1980. Kasturibai et 

aI., 1988, Balasimha and Rajagopal, 1988). Similar results in soil \vater deficits 

and water relations have been reported in relation to different frequencies of irrigation '. 

in coconut (Rajagopal et al. 1989). 
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The efficient stomatal closure though advantageou s in terms of reducing water loss 

might hamper carbon assimilation (Joncs 1979). It is eviucnt frolll the data that 

due to lower gs, Pn was significantly reduced at II in cocoa Crable 2) . These results 
showed a remarkable lack of response to internal CO) to qrcss levels as encountered 

in II, even though both gs and Pn were adversely nffccted. Further relatively slllall 
variations in water use efficiency. (PnlE), ratios of Pn!Ci and PI1!gs were recorded 

in cocoa (data not showl1) . Thus mesophyll factors are 110t affected ul1der the 
experimental conditions. Stomatal playa major role in the gns exchange of cocoa 

(Balasimha et aI., 1991 and Balasirnha and Rajagopal. 1988). Another interesting 

feature noticed is the sensitivity of leaf termperature to VPD in cocoa. The results 

suggest that 12 (20 liter!day) was suffident to sustain the physiology. This was 

<llso supported by the yield of cocoa beans which was highe .~t in 12 level Cfable 

4). However, arecanut showed incrensing trend in these parameters and maximum 
yield was recorded in I3 level (Table "5). 
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. Table 1 : Microclimatic variables in leaf chamber for cocoa 

Treatment PAR Tair RH YPD 

(Jlmo I I1112/s) (DC) (%) (kPa) 

Irrigation 

II 723 35 .68 46.24 :\.:\6 

12 694 34.74 49 .72 2.99 

13 839 35.04 48 .92 .3.20 
)

LSD (p<0.05) NS NS NS NS 

Years 

1990 712 35.39 51.37 2.94 

1991 794 35.1 , 50.09 :\. II 

1992 795 35.86 46.92 3.49 

1993 761 34 .2 , 46.06 3. 10 

1994 667 34 .77 45.86 :\.30 

1995 785 35 .57 49.49 3.14 

LSD (p<O .OS) NS NS 3.99 NS 
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Table 2: Effect of irrigation levels on photosynthetic c haracteristic s and leaf water 
potential in cocoa 

Treatment Pn E gs 
(~mo 1/1ll2/s) (11111191 Im2/s) (rno 1/1112/s) 

Irrigation 

II 

12 

I3 

LSD (p<0.05) 

Years 

1990 

1991 

1992 

1993 

1994 

1995 

LSD (p<0.05) 

3. 11 

3.86 

4 . 14 

0.80· 

3.90 

2.91 

3.42 

4.51 

3.49 

3.99 

0 .60 

2.94 

3.47 

3.85 

0.25 

3.30 

3.14 

3.48 

3.62 

306 

3.9.2 

0.52 

0 . 102 

0.136 

0 . 148 

0.042 

0 .133 

0.113 

0 . 112 

0 . 154 

0.114 

0 . 145 

0.025 

Ci 

(ppm) 

265 

268 

266 

NS 

249 

273 

263 

263 

271 

278 

9.8 

\jI 

(MPa) 

-0.97 

-0.88 

-0.89 

NS 

-0.93 

-0.57 

-0.97 

-0.96 

-0 .92 

-1.14 

O.O! 

Table 3: Effect of irrigation levels on photosynthetic characteristics and leaf water 

pote ntial in arecanut 

--I'·· 

.J; 


Treatment Pn 

(J.l.Ino I Im2/s) 

E 

(mll1o I/m2ls) 

gs 

(rnol/m2/s) 

Ci 

(ppm) 
\jI 

(MPa) 

Irrigation 

II 3.98 3.46 0 .105 255 - 1.23 

12 3.62 3.68 0 . 122 269 -1.19 

I3 4.48 4 .75 0.168 270 -1.17 

LSD (p<0.05) NS 0.96 0 .041 NS NS 

Years 

1990 4.25 3.44 0.113 248 -\.32 

1991 1.79 3.40 0 .101 298 -1 .08 

1992 4.02 4.78 0 . 146 256 -1.20 

1993 5.26 4 .22 0.167 257 -1.l9 

LSD (p<0.05) 0.89 0 .97 NS 17.9 0.01.. 
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Table 4 : Cocoa bean yield (Kglha) in relation to irrigation le vels. 

Treatments 


Years II f2 13 LSD (P<O.OS) 


1990-91 141.70 162.37 139.10 NS 

1991-92 465.35 509.15 472.03 NS 

1992-93 . 524.03 799.14 554.78 212.93 

1993-94 702.68 1028 . 18 929 .76 NS 

1994-95 806.03 1148.94 897.39 247 .97 

Table 5: Arecanut yield (Kgfha) in re lation to irrigation levels (mean of 4 years 

1989-90 to 1992-93). 

Treatment Yi eld (Chali) 

1J 

12 

I3 

LSD (P<O.OS) 

1804 

1958 

2007 

NS 

24 

22 

20 

18 

16 

14 

1 2 

0... 
.... 

, , ,, 

..:.-~ .~..:......::... - . 

. . - . ~- . - 11 at O-JOe 11 

.--6,_ .- 11 ot 30-60c l 
-El-- 11 at 50- 9 0c I 

· ·-0 ·- 120t 0-.30e n 
-- -/:roo 12 at 30-60c l 
·· -8- - 12at60-90cl 
-e- IJot 0-30c n 
--6-- 13at30- 60 c l 
-B-- 13 at 60-90c 1 

8- .-_ ._._ . _. _.- . -. - -EJ - . -. -.- .- .--. _._. ~. -0 ~.: . ..:-.:.....:~ ~ :_. =--=­
G- - -- -- . 0 

--... --... -------.. -e- -------------. . -.. -. EJ • - - - • - .•.•.•. - .• ___ ~ 0 

o 10 20 40 
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Fig.1. Soil moisture profiles in II, 12, and I3 leHls at 0-30ell1, 30-60 eIll and 
60-90 em depth 
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