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Scarcity of irrigation water in critical growth stages of the crop is one of the major
causes of low productivity and decline of citrus orchards. Regulated deficit
irrigation (RDI) is a recently proposed water saving technique in irrigated
agriculture. The present study was planned with a hypothesis that the optimal RDI
scheduling at early fruit growth period (EFGP), which coincides with summer
months could save substantial amount of water, without significantly affecting the
yield of ‘Kinnow’ mandarin plants. The greater plant growth was recorded with
fully-irrigated plants (RDlgo.100.100.) While, maximum fruit yield with better
quality was recorded under plant treated with RDI at 100% ETc at early and 50%
ETc in final fruit growth period (Tg). Conversely higher acidity and lower total
soluble solid with the fruits in RDlg.100.0 treatment compared to other treatments.

Introduction

Water availability becomes a major constraint
to crop production in almost all regions of the
world. In recent years, regulated deficit
irrigation (RDI) has emerged as one of the
potential tools to be used for sustainable crop
production in water scarce regions. Reducing
water supply to optimal level of crop water
requirement in certain growth stages of the
crop improves water use efficiency and
quality of produces, without affecting the
yield significantly (Panigrahi et al., 2014).
Citrus, an evergreen and high water requiring
perennial fruit crop, is mainly grown in
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tropical and sub-tropical regions of the world.
Irrigation water is a key input to successful
cultivation of citrus (Singh and Srivastava,
2004). Drip irrigation (DI) is one of the
potential water saving irrigation methods in
citrus (Panigrahi et al., 2012a). In recent
years, several research contributions have
documented the advantages of DI in citrus in
water scarce regions. Abu-Awwad (2001)
reported that irrigation at 100% evaporation
produced the highest fruit yield. Kallsen and
Sanden (2011) stated that the intensity of
water stress decreased the fruit yield by
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number and weight and also decreased the
percentage of large fruit. In another
experiment, the effect of drip irrigation
regimes and basin irrigation on agronomical
and physiological performance of Nagpur
mandarin was investigated. Panigrahi et al.,
(2012) revealed that highest fruit yield was
recorded in DI at 80% Ecp (34.78 kg plant ™),
followed by DI at 100% Ecp (32.91 kg
plant™"). Similarly, Panigrahi et al., (2014)
reported that the total fruit yield of ‘Kinnow’
mandarin increased with the increase in
irrigation regime from no irrigation to full
irrigation (FI). In another investigation,
Shirgure et al., (2016) reported that the
highest fruit yield of Nagpur mandarin was
recorded in the drip irrigation scheduled with
30% evaporation replenishment in stage-VI
and 80% evaporation replenishment in stage
I-V (17.25 t/ha and 21.48 t/ha, respectively).
Overall, the studies indicate that the level and
time of water stress along with its duration are
the main factors responsible for success of DI
in citrus. Moreover, orchard and crop
characteristics such as soil, climate, and
cultivar also play a role in success of RDI
(Panigrahi and Srivastava, 2011).

‘Kinnow’ mandarin, a first generated hybrid
of King Orange (J3') and Willow Leaf (%), is a
leading and commercially important citrus
cultivar grown in arid and semiarid
environments of northern India, where more
than 90% of annual rainfall (600 mm) is
concentrated in 3-4 months (June—October)
of a year. In this region, to improve the
productivity of citrus orchards irrigation is
practiced during January—June and October-
December and ground wells water or canal
water is the common source of irrigation for
the crop. However, over the last few years,
the shortage of irrigation water caused by
over exploitation of ground water has become
a major threat to citrus production. On the
other hand, the area under Kinnow production
has been exponentially increasing due to the
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cultivar suitability and its higher production
economics return compared with others (Bhat
et al.,, 2011). Farmers are more concerned
with the sustained production of ‘Kinnow’
mandarin using less water, which could be
achieved through adaptation of RDI technique
using drip irrigation for Kinnow mandarin.
The earlier study by Hasan and Sirohi (2006)
on Kinnow mandarin indicated that the crop is
most sensitive to water stress at flowering and
fruit set stage which takes place during month
of March in northern India. The water scarcity
caused by low water level in the wells in
summer months (March—June) has forced the
orchard growers to opt for RDI during this
period. In absence of the information on the
responses of mandarin cultivars of citrus to
water stress in summer months, which
coincides with EFGP, is very limited
worldwide. Further, the yield prediction under
differential water stress condition is also
limited in fruit crops. Since, it has been
recognized that the tree itself is the best
indicator of water stress and yield
(Goldhamer et al., 2003). A new methodology
for forecasting yield using plant-based
measurements in any growth stage of citrus
could also benefit growers. The present
experiment was conducted to study the effects
of RDI on growth, yield and quality Kinnow
mandarin under Jammu sub-tropics.

Materials and Methods

The field experiment was conducted on eight
year old, uniformly growing and bearing habit
‘Kinnow’ mandarin plants at Research Farm
Chatha, Division of Fruit Science, Faculty of
Agriculture, Sher-e-Kashmir University of
Agricultural  Sciences and Technology-
Jammu, India. The climate of the
experimental orchard is situated in the sub-
tropical zone at latitude of 32° 39' North and
longitude of 74° 58 East with hot dry
summers and cold winters with mean annual
rainfall of about 1110 mm, out of which most
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of the rains are received during June to
September and rest in winter. Soil of the
experimental site varies from sandy-loam in
texture and neutral in reaction. The field
capacity and permanent wilting point of the
soil varied from 20 to 23% and 6.3 to 6.9%,
respectively, on a volume basis. The study
consist of regulated deficit irrigation (RDI)
treatments where irrigation was scheduled at
different deficit levels (no irrigation and 50%
ETc) in the early fruit growth period (EFGP)
and final fruit growth period (FFGP) singly
and in combination, and compared with full
irrigation (100% ETc) in kinnow mandarin.
The kinnow fruit has three distinct phases of
growth: (i) the early fruit growth period
(EFGP), from fruit setting to 60 days after
fruit set; (ii) mid fruit growth period (MFGP,
from 60 days after fruit set to 180 days after
fruit set); and (iii) final fruit growth period
(FFGP, from 180 days after fruit set to 225
days after fruit set), as suggested by Dhillon
(1986). Irrigation season was from mid-
January to June and from mid-October to
December during both the experimental years.
Water supply was stopped during monsoon
season (June to September) due to adequate
rainfall fulfilling the crop water need during
this period (Figure 1). The treatment details
are presented in table 1.

The volume level of irrigation applied for the
various irrigation treatments (Dastane, 1978)
was calculated based on the following
formula for fully irrigated plants

Vig = 1t (D%4) x (ETc - Re)/ Ei

Where, Viq is the irrigation volume applied in
each irrigation (litre plant™), D is the mean
canopy spread diameter measured in north-
south and east-west direction (m), ETc, the
cumulative crop evapotranspiration for two
consecutive days (mm), Re the effective
rainfall depth (mm), and Ei the irrigation
efficiency of the drip system (90%). ETc
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(mm/day) was estimated as: ETc = K x K¢ X
Ep, where, K, is the pan coefficient (0.8) and
Kc the crop coefficient (0.85 for mature
Kinnow plants) as proposed by Hasan and
Sirohi (2006). The effective rainfall was
estimated as the summation of change in soil
water content in the root zone of the plants
between, before and after rainfall, and
potential evapotranspiration for 1 day (day of
rainfall, mm) for the crop (Dastane, 1978).

Observation on growth parameters were taken
at the beginning of trial, whereas observations
on fruit characters were recorded at the time
of harvesting. Tree height, stock girth and
scion girth (20 cm above ground level) were
recorded with measuring tape. The plant
volume was calculated as per the formula
given below and suggested by Westwood et
al., (1963).

V =4/3 ma’b

Where, ‘a’, represent radius of the crown of
plant which was found by measuring the
maximum spread in North-South and East-
West direction adding these values and
dividing the sum by 4. ‘b’, denotes height of
the plant (m). The length of each shoot was
measured at the beginning and end of growing
season between the points of initiation of new
growth to the extremity of the shoot tip and
expressed in centimetres. The diameter of
selected fruits was measured by using a
digital Vernier calliper. The fruits were
weighed on electronic balance and mean
weight per fruit was computed in grams. The
total yield per plant was obtained through the
entire crop harvested from each tree was
weighed and considered as total yield and
expressed in kg/plant. Total soluble solids
(TSS) content of the juice were determined
with the help of Erma-hand refractometer (O-
32°Brix). Titratable acidity (%) in fresh fruits
was determined by the method as suggested
by AOAC (1995) and the juice per cent in
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fruits were determined according to Romero
et al., (2006) method where juice of fruit was
manually extracted by juice extractor and
juice per cent was estimated on weight basis
with respect to the fruit weight. The data was
analyzed by analysis of variance (ANOVA)
and CD was calculated at P < 0.05.

Results and Discussion
Plant vegetative growth

The irrigation treatments  significantly
influenced the different growth parameters
(plant height, stock girth, scion girth and plant
volume) of plant during both the years and the
trend of increase in the plant vegetative
growth characteristics in relation to irrigation
was similar in both years of observation
however, among all the treatments the
maximum plant height, stock girth, scion girth
and plant volume were recorded under plants
supplied with RDI at 100% ETc in early and
final fruit growth period (To) followed by
plants treated with RDI at 100% ETc at early
and 50% ETc in final fruit growth period (Tg)
whereas, the minimum value were with plants
treated with no irrigation (T1). The greater

vegetative growth under higher irrigation
regime was probably due to better leaf
photosynthesis rate and higher metabolic
activities of fully-irrigated plants under
favourable soil water condition in the root-
zone in this treatment while, the possible
reason for lower growth and vigour under no
irrigation or control conditions may be that
the control soil moisture might have resulted
into nutrient stress conditions and caused the
reduction in the cell enlargement as the
movement of mineral nutrient depends on
mass flow of soil solution uptake, proper root
respiration and diffusion by plant roots. The
plants grown under rainfed conditions or
water stress conditions might have might have
saturated the root zone, thereby reduced the
oxygen level and respiration rate resulting
into low uptake of nutrients and inhibited
proper growth and vigour of plants. The
similar type of observations were also
recorded in the earlier studies on irrigation
scheduling in Nagpur mandarin (Shirgure et
al., 2014), kinnow mandarin by Panigrahi et
al., (2014) and Nagpur mandarin by Shirgure
et al., (2016) (Table 2).

Table.1 Regulated deficit irrigation (RDI) treatments given to Kinnow mandarin

Treatment EFGP (x) MFGP (y) FFGP (2)
RDI= 0*-100"-0° No irrigation 100 % ETc No irrigation
RDI= 0*-100"-50" No irrigation 100 % ETc 50 % Etc
RDI= 0*-100"-100" No irrigation 100 % ETc 100 % ETc
RDI= 50*-100"-0" 50 % ETc 100 % ETc No irrigation
RDI= 50*-100"-50" 50 % ETc 100 % ETc 50 % Etc
RDI= 50*-100"-100" 50 % ETc 100 % ETc 100 % ETc
RDI= 100*-100"-0" 100 % ETc 100 % ETc No irrigation
RDI= 100*-100%-50" 100 % ETc 100 % ETc 50 % Etc
RDI= 100*-100%-100" 100 % ETc 100 % ETc 100 % ETc
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Table.2 Effect of regulated deficit irrigation (RDI) on vegetative growth of kinnow mandarin during 2014 and 2015

Treatment

Plant height (m)

Plant volume (m®)

Stock girth (cm)

Scion girth (cm)

2014 2015 Pooled 2014 2015 Pooled 2014 2015 Pooled 2014 2015 Pooled
T.:(RDI 0%-100%-0%) 2.36 2.42 2.39 1045 11.02 10.73 19.00 27.07 23.04 16.96 23.95 20.46
T,: (RDI 0*-100”-50%) 241 2.49 2.45 1097 1154 11.26 20.04 2797 24.01 18.05 2520 21.63
Ts: (RDI 0*-100-100%) 2.47 2.51 2.49 1166 1216 1191 2200 2898 2549 20.18 26.34 23.26
T.: (RDI 50*-100”-0%) 2.54 2.65 2.60 1220 13.06 12.63 25.10 30.87 27.99 2324 2858 25091
Ts: (RDI 50*-100”-507%) 2.75 2.90 2.83 13.78 15.02 1440 28.00 3393 3097 26.66 31.71 29.19
Te: (RDI 50*-100-100%) 2.78 2.99 2.89 1463 1611 1537 29.00 3487 3194 2815 3320 30.68
T: (RDI 100*-100”-0%) 2.63 2.76 2.70 1296 1406 1351 27.20 3207 29.64 2566 2997 27.82
Tg: (RDI 100*-100%-507%) 2.87 3.11 2.99 15,70 1753 16.62 29.50 3573 32.62 28.64 3435 3150
To: (RDI 100*-100”-100%) 3.02 3.27 3.15 16.77 1885 17.81 30.30 36.05 33.18 29.70 3500 32.35
D. (p=0.05) 0.20 0.53 0.34 0.51 0.42 0.46 032 0.26 0.23 044 0.74 0.54

Table.3 Effect of regulated deficit irrigation (RDI) on fruit yield and quality parameters of kinnow mandarin during 2014 and 2015

Fruit weight (g)

Fruit length (cm)

Fruit diameter (cm)

Fruit yield (%0)

Treatment 2014 2015  Pooled 2014 2015 Pooled 2014 2015 Pooled 2014 2015  Pooled
T,:(RDI 0%-100°-0?) 11450 11600 11525 539 540 540 603 604 604 1487 1570 1529
T,: (RDI 0*-100°-507) 11744 11933 11839 543 544 544 608 609 609 1844 1926 1885
T,: (RDI 0*100%-100%) 12063 12222 12143 548 549 549 613 614 614 2110 2195 2153
T,: (RDI 50%-100"-0%) 12462 12615 12539 555 556 556 619 624 622 2720 2802 27.61
T,: (RDI 50%-100'-507) 13566 137.33 13650 559 560 560 629 631 630 3302 3410 3356
T: (RDI 50%-100'-100%) 139.47 14125 14036 564 566 565 635 637 636 3306 3430 3368
T,: (RDI 100*-100"-0%) 12958 13130 13044 551 552 552 624 627 626 3160 3202 3181
T4: (RDI 100%-100-50?) 14728 14918 14823 571 572 572 643 645 644 3708 3870  37.89
T, (RDI 100-100°-1007 14317 14530 14424 567 569 568 638 640 639 3506 3620  35.63
C.D. (p=0.05) 070 114 088 008 014 009 020 022 025 090 050 071
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Table.4 Effect of regulated deficit irrigation (RDI) on fruit quality of kinnow mandarin during 2014 and 2015

Treatment Juice (%) TSS (°B) Acidity (%)
2014 2015 Pooled 2014 2015 Pooled 2014 2015 Pooled

T,:(RDI 0*-100”-0%) 46.30 45.22 45.76 10.60 10.70 10.65 0.79 0.78 0.79
T,: (RDI 0%-100%-507%) 46.70 45.60 46.15 10.70 10.70 10.70 0.78 0.77 0.78
T3 (RDI 0%-100%-100%) 47.00 45.95 46.48 10.75 10.80 10.78 0.78 0.76 0.77
T4 (RDI 50%-100%-0%) 47.20 46.20 46.70 10.80 10.85 10.83 0.77 0.76 0.77
Ts: (RDI 50%-100%-507%) 47.60 46.60 47.10 11.05 11.15 11.10 0.75 0.73 0.74
Te: (RDI 50*-100%-1007%) 48.20 46.85 47.53 11.10 11.20 11.15 0.74 0.72 0.73
T,: (RDI 100*-100%-0%) 47.60 46.53 47.07 10.85 10.95 10.90 0.77 0.75 0.76
Tg: (RDI 100%-100”-507%) 48.62 47.05 47.84 11.30 11.40 11.35 0.72 0.70 0.71
Ty (RDI 100*-100”-1007) 48.90 47.35 48.13 11.25 11.35 11.30 0.72 0.70 0.71
C.D. (p=0.05) 0.57 0.59 0.56 0.42 0.47 0.44 0.04 0.03 0.06

Fig.1 Relation between rainfall and ETc during 2014 and 2015
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Yield attributes

Data pertaining to the yield attributes under
various treatments for the two consecutive
years (2013-14 and 2014-15) are presented in
table 3. The fruit weight, fruit size (length and
diameter) and fruit yield were recorded
highest under plants receiving irrigation
schedule with RDI at 100% ETc at early and
50% ETc in final fruit growth period (Tg).
The possible reason for higher fruit yield
under Tg= RDlygp-100-50 may be due to water
deficit (15-20% available soil  water
depletion) in root zone under this treatment
suppressed the vegetative growth of the plants
without bringing much effect on leaf
photosynthesis rate and the citrus plants
invested higher quantity of photosynthates
towards reproductive growth (fruiting) than
vegetative growth. Similarly, Proietti and
Antognozzi (1990) reported that larger fruit
size was primarily the result of a larger
number of cells and the positive effect of
water availability on the cell division rather
than cell expansion. The fruit yield decreased
with decreasing irrigation level from Tg=
RDl1gg-100-50 10 T1=RDlg.100-0, resulting from
less number of fruits with lower fruit weight
under lower regime of RDI. However, lowest
fruit yield was recorded in unirrigated (T,)
plants. This could be caused by lower
photosynthesis rate  of leaves under
continuous soil water deficit prevailed under
control condition or probably due to reduction
in availability of assimilate and lower
stomatal conductance, whereas surplus water
condition might have led to anaerobic
conditions and reduced water and nutrient
uptake, thus reduced the fruit size. These
results are in association with the findings of
Panigrahi et al., (2012) who observed highest
yield of Nagpur mandarin under DI at 80%
Ecp followed by 100% Eg, whereas lowest
under 40% E., compare to basin irrigation.
The similar results of lower fruit yield with
higher level of deficit irrigation were earlier
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reported by Garcia-Tejero et al., (2010) in
Salustiana orange, Panigrahi et al., (2014) in
kinnow mandarin and Shirgure et al., (2014)
in Nagpur mandarin.

Fruit quality

The effect of irrigation on fruit quality
parameters (Total soluble solid content,
Acidity, Juice content) is presented in table 4.
Juice per cent increased from RDly.100-0 (T1)
to RDlygo-100-100 (Tg), indicating the excess
dehydration of juice sacs of fruits with no
irrigation (RDlg.100-0), Which could not be
fulfilled by osmotic adjustment to maintain
sufficient turgidity of fruits in this treatment.
The TSS increased from RDlg.100.0 t0 RDlygo-
100-50 and then decreased at RDl100-100-100 (FU”
irrigated). The higher juice content is one of
the reasons for dilution of soluble solids
concentrations in fruits with full irrigated.
Moreover, the acidity percentage in juice was
recorded maximum with RDlg.1000. The
higher acidity and lower total soluble solid
with the fruits in RDlp.g.0 treatment
compared to other treatments was probably
caused by enhanced transformation of acids to
sugars in dehydrated juice sacs which is
required to maintain the osmotic pressure of
fruit cells under mild water deficit condition
(Huang et al., 2000). Earlier studies also
demonstrated the greater TSS in citrus fruits
under soil water deficit condition in root zone
of plants (Navarro et al., 2010) and Panigrahi
et al., (2014) in kinnow mandarin.

In conclusion, the fully-irrigated ‘Kinnow’
mandarin  plants produced the highest
vegetative growth while, maximum fruit yield
with better quality was recorded under plant
treated with RDI at 100% ETc at early and
50% ETc in final fruit growth period (Tg).
However, deficit irrigation scheduled at 50%
crop evapotranspiration at final fruit growth
period improved fruit quality with higher total
soluble solid and lower acidity. Moreover,
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better quality citrus fruits were harvested
from the deficit-irrigated plants in both the
years of study. Based on these results, it can
be inferred that application of irrigation water
at 50% crop evapotranspiration at final fruit
growth period could be a better option for
‘Kinnow’ mandarin cultivation in water
scarce areas of northern India and elsewhere
having similar agro-climatic condition.
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