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Abstract

Variation in plant environmental factors of Kinnow mandarin for at Agriculture Research Station, SriGanganagar
district of Rajasthan state in India with respect 1o three differcntial irrigation treatments revealed that overall maximum
carboxylation efliciency (A) was estimated in 70% Etc treatment from April to June with a linear trend and showed depression
in September and October followed by a steady rise in November and December months. Stomatal conductance revealed
oscillating trend being maximum in 70% Etc treatment for April and May months followed by steep rise in 40% Ete treatment
for June —July months and remained static in August and September, a trend reversal in October-November with maximum
stomatal conductance in 100% Etc treatment with a slight compared to 70% Etc. The cumulative overall high stomatal
resistance in 40% treatment might have attributed to low photosynthetic rates followed by 100% treatment and the better
assimilation rates under 70% treatment are correlated with low rates of stomatal resistance. The daily course of transpiration
in all the three irrigation treatments does not closely linked to solar irradiation but rather to leaf temperature, Temperatures
ol 25-30°C are optimal for photosynthesis but temperatures above 30°C definitely reduce photosynthetic activity,

The annual trend for three consecutive vears' data revealed occurrence of cyclic oscillations in photosynthesis,
stomatal conductance, stomatal resistance, transpiration rate and photosynthetic active radiation under field conditions.
Citrus belong to C, plants, with photosynthetic rates lower than C plants. Assimilation rates ranging from 1.28 to 7.93
mmolms observed under differential irrigation treatments seem realistic under optimal irrigated conditions of Western

Rajasthan,
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Carbon assimilation elficiency during the Ritjasthan with respect 1o differential frrigation treatments.
cumulative day hours of the year determines plant growth Hence, the study was undertaken to examine the S
and productivity, This ¢fTiciency is a compound effect ol exchange characteristics of Kinnow mandarin under drip

irrigation system. Kinnow mandarin is grown under canal
command areas of irrigated parts of North Western
Rajasthan state, It is inevitable that any deficiency ol water
particularly during critical stages after fruitset in mandarin
results in drastic reduction in dry matter and leads to
significant low yield biomass. The relationship between
weather parameters and month wise periodical changes in
photosynthesis concurrent with water use efficiency and
their interrelationships were not studied in Kinnow
mandarin. In the present study, emphasis is laid on the
month wise variation in photosynthetic parameters in
relation to weather conditions and interrelationship in drip
irrigation system at three irrigation treatments based on
evapotranspiration coefficient.

net photosynthetic rate and photesynthate partitioning.
Measurements of photosynthesis rate, transpiration rate,
Stomatal conductance have been very important for
understanding limitations in assimilation potential of
plants. The weather parameters in conjunction with
irrigation optima influence/cause these variations (Maroco
el al., 1997). Direct effect of leal to air vapour pressure
deficit in Stomatal regulation was reported in many woody
crops (Flore and Lakso, 1989). There is no information
available on how temporal variations in extreme.
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Muaterial and methods

Kinnow mandarin plants (2 years old nfter fick
planting) at 6x6 m budded on it fum i were selected
for study under drip irrigation svstem at the experimental
site of Agriculture Research Station, SriGanganagar, These
plants swere grown in alluvial soils of sandy loam texture
under dreip sy stem at 40, 70 and 100% evapotranspiration
coelTicient and have receive reconmmended doses of
fertilisers, The rvigated Kinnow plants were watered
continuously for a week as per irvigation scheduling prior
Lo measurements. A total of twenty one Kinnow plants
were Taken Tor experimental study. Measurements on gas
exchange characteristies under drip system (7 plants
treatment ') were simultaneously taken during the day (8-
10am) from April 2002 1o December 2004 successively for
three vears Visa Vis 40, 70 and 100 %4 Ete treatments. With
the initiation of new ambe bahar growth of Kinnow plants
m March. the experimental ohservations were recorded
from Aprilio December month's i.e. the active growth period
trom fowering 10 fruiting cvele, Photosynthesis (A),
stomatal conductance (g ). substomatal CO, concentration
(¢ ) transpiration (L12). photo sy nthetically active radiation
(PAR) incidence on the leal surface and leaf surface
lemperature were recorded using a ADC photosynthesis
system (Model LCA 4. ADC, UK). Before the use of
nstrument. zero scilings for 1.0 and CO2 made. The
boundary laver resistance 1o vapour was typically 0.8 m*s'
‘mal™. Air was drawn into the instrument from an ajr probe
atthe height of 3m above ground surface, The air pumped
into the system was dried using anhydrous calcium
sulphate. The gas flow to leal chamber was maintained at
300 2p mols™, The experimental area under drip and micro-
sprinkler system of irrigation at the completion of two
years(2003) came inlo bearing profusely and initially it
was decided that the fruit of this year will be retained so
the flowers were subjected to drop but while doing so re
thought was given and finally decided to remove the
fowers in half ol the replications completely and inrest 50
per cent lowers were retained so as 1o see the inpact of
fruit bearing on the overall growih of the tree in all the

three treatments in comparison o other Kinnow plants,

Results and discussion

The results intable-1 clearly elucidates that afier
ansel of spring in the month of April maximum
photosynthesis A(4.84) was recorded in 70% Eic treatment
with a minimum of substomatal concentration ¢ {101.10)
in correlation with highest Stomatal conductance e (0.03)
and maximum transpiration (1.45) rate as compared 1o 40
and 100% Ete treatments. The reason for this might be due
to minimum stomatal resistance r_in 70% Etc treatment
with respect to 40 and 100% Etc treatment. The low
photosynthesis in higher irrigation treatment 100% Eic
might be attributed to increase in leaf temperature which
results in damage Lo photosynthetic apparatus irrespective
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of the fact that water use efTiciency was higher( 3. 82 ) under
100% Fte treatment as compared to 70% treatment, Low
nssimilation rates of citrus are accompanied by low rales
ol transpiration and extreme sensitivity o molsture deficit
(R ricelemann and Barrs, 1981,

The datain table-2 revealed that in the month ol
May. highest photosynthetic rite A Tor Kinnow planis
{6.28) was observed in 70% Lte treatment along with
misimum transpiration rate, :

The higher photosynthetic rate in 70" L
treatment might be due to better partitioning of assimilates
in this treatment coupled with higher stomatal conductance
(0.08) and minimum stomatal resistance (15.80) with respect
to 40 and 100% Ete treatments. The perusal of data in
table-3 for June depicts an increasing trend of carboxylation
efficiency of Kinnnow plants with respect to differentially
increasing irrigation treatments being maximum in 100%
treatment. Higher assimilation rate of Kinnow in May
reflects the special genetic character of this citrys species
that how well itis acclimatized in the extremes of irrigated
aridisols with the saturation ol photosynthesis at high
light intensities. This might be due to the fact that water
use cfficiency was highest (2.78) in conjunction with
lowest transpiration rate in 100% Fie treatment as compared
to 40 and 0% treatments,

The data in table-4 for July depicted that maximum
carboxylation efficiency of Kinnow (6.70) was recorded in
70% cte treatment and exhibited a significant increase in A
as compared to 40 and 70% Etc treatments. The reason for
this might be due to better uptake and utilization of water
i.e. highest water use efficiency (2.58) was recorded in
100% Etc treatment which was significantly better than 40
and 70% treatments. The results of present findings are in
accordance with those of (Sinclair and Aldlen, 1982) that
betier photosynthetic rates of cilrus are attained w low
PAR intensities. The data in table-5 for August depicted
that highest photosynthate partitioning of Kinnow was
recorded in 100% Ete treatment which showed a positive
correlation with stomatal condyctance and transpiration
despite lowest water use efficiency as compared to 40-and
T0% treatments, .

The low PAR intensitics recorded in all the three
irrigation treatments are due 1o eloud effect at the time of
recording of observations, The results are in con formity
with the findings of (Vu and Yalenosky, 1988) that
photosynthetic rates of citrus saturates at relatively low
light intensities i.e. about 30% of full sunlight in outer
parts of the tree canopy.
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Table 1. Physm]ogmalparamelnrs during April (2002-04)

Variable Drip (per cent Etc)

: 40 70 100 C.D. at 5%
Photosynthetic Rate 291 4.84 1.67 0.908
(A=mmolm 7" )

Stomatal conductance 0.01 0.03 0.02 N.S.
(gs=m’smol)

Stomatal resistance _67.11 32.60 56.14 14.01
{g,=rsm25mul"}

Leaf Temperature("C) 38.33 39.39 4028 NS.

Transpiration rate 0.68 1.45 0.96 0.252
E=molms")

Sub-Stumgtal o, 122.10 101,10 101.30 N S.
concentration 2

Photosynthetic Active 184 0.66 189956 174966 NS,

Radiation (Q= mmolm?s)

Relative Humidity (R.H= %) 45 .96 41.96 41.03 N.S.

Water Use Efficiency 3.98 3.33 3.82 NS,

Table 2. Physiological parameters during May (2002-04).

Variable Drip (per cent Etc) \
: 40 70 100 C.D.at 5%
~ Photosynthetic Rate (A=mmolm?s T 439 6.28 5.59 131
Stomatal conductance 0.03 0.08 0.03 001
(gs=m*smol™")
Stomatal resistance 18.92 15.80 19.26 M.5.
(g=rsm*smol ')
Leaf Temperature("C) 39.29 - 38.94 38.27 N.S.
Transpiration rate 252 343 241 0.71
E=molm™*s™") ;
Sub-Stomatal CO, concentration 228.52 202.50 189.3 M.5.
Photosynthetic Active Radiation (Q= 1137.60 1175 1932 N.8.
mmolm?s™)
Relative Humidity (R.H.= %) 18.08 18.40 16.98 N.S.
Water Use Efficiency 1.74 1.83 231 N.S.
Table 3. Physiological parameters during June (2002-04)
Variable Drip (per cent Etc)
40 70 LOO C.D. at 5%
Photosynthetic Rate (A=mmolm™s™) 4.49 4.71 4.79 N.5.
Stomatal conductance 0.07 0.05 0.03 0.01
(gs=msmol™)
Stomatal resistance « 1516 [8.69 2859 473
(g=rsm*smol")
LeafTemperature(°C) 39.50 3932 39.5 NS.
Transpiration rate 3.15 2,54 .72 . 0.59
E=molm s’
Sub-smmata}l CO, concentration 225.74 203.32 134.66 S1.83
Photosynthetic  Active  Radiation 1137.4 1106.2 11034 NS,
(Q=mmolm?s")
Relative Humidity (R.H.= %) 19.42 19.46 19.10 NS.
Water Use Efficiency 142 .85 2.78 1.22
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Table 4. Physiological parameters during July (2002-04)

= Dn r cent Etc)
e 40 p{PET{] 100 C.D. at 5%

Photosynthetic Rate (A=mmolm™s™) 3.30 6.70 5.76 122
Stomatal conductance 0.18 0.09 0.11 0.03
(g=m’smol") ’
Stomatal resistance 6.73 11.87 11.74 232
{(g=rsm*smol™) : .
Leaf Temperature{ 'C) 38.16 36.59 35.:1:: N.Sﬁ.
Transpiration rate 3.82 2.59 3.03 0.83
E=molm’s™"
Sub-Stomatal CO, concentration 3268 233,38 25248 72.14
Photosynthetic Active Radiation (Q= 1264.2 928.0 1314.2 29703
mmolm:%s™") : .
Relative Humidity (R.H. = %) 2520 2648 27.46 N.S.

© Water Use Efficiency 0.86 2.58 1.90 041
Table 5. Physiological parameters during August (2002-04)
Variable Drip (percent Efc)
40 70 100 C.D. at 5%

Photosynthetic Rate (A=mmolm™s™) 725 6.89 7.93 N.S.
Stomatal conductance 0.06 0.04 0.07 0.01
{(g=m’smol")
Stomatal resistance 17.72 27.92 13.80 1.36
(g=rsm’smol") :
Leaf Temperature (°C) 34.23 34.53 34.59 N.S.
Transpiration rate 139 1.04 1.72 " 0.34
E=molm*s™)
Sub-Stomatal CO, concentration 124 82 122,68 173.58 33.63
Photosynthetic Active Radiation (Q= 500.0 469,2 672.8 132.09
mmolni s
Relative Humidity (R.H. = %) 26.92 .y 27.66 N.S.
Water Use Efficiency 521 6.62 4.61 1.42
Table 6. Physiological parameters during September ({2002-04)

Drip (per cent Etg)

Variable 40 70 100 C.D. at 5%
Photosynthetic Rate 2.48 2.53 1.15 NS,
(A=mmolm~s")

Stomatal conductance 0.05 0.05 0.03 0.01
(g,=m’smol ")

Stomatal resistance 20.03 2081 25.80 N.S.
(g,=rsm’smol™)

Leaf Temperature(°C) 33.74 3367 34.03 NS.
Transpiration rate 1.20 1.20 1.01 N.E.
E=molm?s™)

Sub- Stomatal CO, 255 .50 277.17 207.82 N5,
concentration

Photosynthetic Active 951.50 959.25 985.00 N.S.
Radialinp (zQ=

mmolm™s’ )

Relative Humidity 50.77 5092 51.00 NS.
(RH.=%)

Water Use Efficiency 2.06 2.10 i1 057
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The data in table-6 for September revealed that
highest photosynthetic rate of Kinnow was recorded in
100% Ete treatment which showed a positive correlation
with comparative best water use ef] ficiency as compared
to 40 and 70% treatments. The low photosynthetic rates
in all the three irrigation treatments in the month of
September as compared to previous months are
accompanied by low rates of transpiration and extreme
sensitivity to soil moisture deficit and also due to
translocation of assimilates from source to sink thereby
having an impact of first bearing on the overall growth of
the tree. These findings are in agreement with those of
Kriedemann and Barrs, (1981) who reported that low
assimilation rates of citrus are due to low substomatal
concentration. The data in table-7 for October revealed
that maximum carboxylation efficiency of Kinnow was
estimated in 100% Etc treatment as compared to 40 and
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70% irrigation treatments. The better A in 100% treatment
might be due to increased stomatal conductance and
maximum water use efficiency with respect to other
treatments. The low photosynthetic rates in 40 and 70%
Etc levels indicate the limitation of photosynthetic rates
at the mesophyll level.
The data in table-8 for the month of November revealed
that maximum assimilation of carbohydrates in Kinnow
was recorded in 70% Etc treatment which showed a
positive correlation with maximum water use efficiency in
the same treatment coupled with lowest transpiration Vis
a Vis 40 and 70% treatment. At low relative humidity, the
transpiration reduced due to decrease in
evapotranspiration driving forces,

The data in table-9 for the month of December
depicted that highest photosynthetic rate was attained in
70% treatment which exhibited a positive correlation with

Table 7 Physiological parameters dwing October (2002-04)

Variable Drip (per cent Etc)

: 40 70 100 C.D.at5%
Photosynthetic Rate (A=mmolm7s™) 128 2,02 2.50 043
Stomatal conductance (g,=m’smol ™) 0.05 0.07 0.08 0.01
Stomatal resistance (g=rsm’smol ") 17.07 13.55 1235 N.S.
Leaf Temperature ("C) 33.39 33.42 3383 NS,
Transpiration rate E=molms™") 1.87 222 2.50 N.S.
Sub-Stomatal CO, concentration 323.1 31432 306.40 NS,
H‘ID'EUS}"I’IH’EI:!: Active Radiation {Q= mmn]m‘zs"} 054 Q20 Q00,66 M.5.

2 .62 2 M.5.

Relative Humidity (R.H. = %) 29.55 30.6 3233

Water Use Efficiency

0.68 0.90 1.00 020

Table8. Physiological parameters during November (2002-04)

Variable

Drip (per cent Etc)

Photosynthetic Rate (A=mmolm™s™)

Stomatal conductance (g,=m*smol”)

Stomatal resistance (g, ~rsm’smol™)

Leaf Temperature(°C)

Tramspiration rate [E=mt:r!|m'15" )

Sub-Stomatal CO; concentration

Photosynthetic Active Radiation (Q= mmolm?s”)
Relative Humidity (R.H. = %a)

Water Use Efficiency

40 70 100____C.D.at5%
3.84 371 3.53 NS.
0.05 0,05 0.06 N.S.
18.01 19.21 16.71 N.S.
30,55 2973 2726 NS
1.65 1 51 1,53 N.S.

257.74 27465  286.05 N.S.
1259.0 1358.66 116583 N.S.
25.60 25.96  27.80 N.S.

232 245 2.30 NS
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Table 9. Physiological parameters durin g December (2002-04)

Variable Drip (per cent Etc)
= - 40 70 100 C.D. at 5%
Photosynthetic Rate (A=mmolms™) 2.84 441 4.11 089
Stomatal conductance (g,=m’smol™) 0.09 0.14 0.12 0.02
Stomatal resistance (g=rsm’smol™) 11.12 7.264 8.041 238
Leaf Temperature(°C) 2717 26.72 24.50 MN.5.
Transpiration rate (E=molms™") 1.84 253 2.04 NS.
Sﬁb-Smmatal CO, concentration 313.61 319.66 320.88 NS,
Photosynthetic Active Radiation (Q=mmolm’s™) ~717.00 1122.55 = 93687 22426
Relative Humidity (R.H. = %) 30.60 28.66 29.47 NS,
Water Use Efficiency 1.54 1.74 2.01 N.S.
maximum stomatal conductance (0.14) value and minimum References

stomatal resistance as compared to 40 and 100% treatments.
The better stomatal conductance in all the three treatments
is predominantly influenced by low leaf lemperature during
the month of December. Figl to 5 shows the occurrence of
cyeclic oscillations in photosynthesis, stomatal
conductance, stomatal resistance, transpiration rate and
photosynthetic active radiation under field conditions,

The data in table-10 revealed that during first
bearing highest number of fruits (38.13) was recorded in
70% Etc which was significantly higher than 40 and 70%
Etc treatments. The better fruit retention under 70% Etc
might be due to better carboxylation efficiency, good
stomatal conductance and minimum stomatal resistance
as compared to 40 and 70% Erc treatments.

Table-10. Fruit retention per tree under different levels of
drip irrigation system
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