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Leaf Potassium Content Influences
Photosynthesis Activity, Yield, and

Fruit Quality of Litchi

By PK. Pathak, K. Majumdar, and S.K. Mitra

Application of 600 and 800 g K,O/plant/year in two equal splits at 15 days after fruit set
and 60 days before flowering increased leaf K content in litchi. Increased leaf K content
improved photosynthesis rate, water use efficiency, and stomatal conductance of litchi
plants and led to increased yield and improved fruit quality.

carry high amounts of K in marketable parts. Among

the several factors affecting fruit quality, adequate K
application is considered to be of utmost importance. Potas-
sium is known to influence fruit yield in general and fruit
quality in particular (Tandon and Sekhon, 1988). Fruit size,
appearance, color, soluble solids, acidity, vitamin content, and
taste, as well as shelf-life are all significantly influenced by
adequate supply of K. These characteristics are in turn affected
by photosynthesis, translocation of photosynthates, regulation
of stomata, activation of enzymes, and many other processes
(Tiwari, 2005). Shortage of K supply adversely affects most of
the metabolic processes mentioned above (Marschner, 1995;
Mengel, 1997).

Like other crops, K affects photosynthesis in litchi (Deng
etal., 1994). Potassium influences the photosynthesis process
at many levels namely, synthesis of ATP, activation of enzymes
involved in photosynthesis, CO, uptake, balance of electric
charges needed for photophosphorylation in chloroplasts and
is the counterion to the light-induced H* flux across the thyla-
koid membranes (Marschner, 1995). Photosynthesis requires
adequate K levels in leaf tissue and lower K levels have been
found to decrease photosynthesis rate sharply in corn (Smid
and Peaslee, 1976). Debnath (2005) observed that net CO,
assimilation in litchi, under high irradiance and high ambi-
ent CO, concentrations, increased at high application rates
of K. The present study explores the effect of varying rates of
applied K on leaf K content, photosynthesis activity, stomatal
conductance, water use efficiency, yield, and fruit quality of
litchi.

The experiment was conducted in 2004-2006 at the Horti-
culture Research Station, Bidhan Chandra Krishi Viswavidya-
laya, Mondouri, West Bengal, using 27-year-old litchi plants of
the variety Bombai. The experiment was laid out in randomized
block design having nine treatments with three replications.
The nine combinations consisted of three different levels of
K...400 (S,), 600 (S,), and 800 g/plant/year (S,)...and three
application timings...15 days after fruit set and 15 days after
harvesting (T,), 15 days after fruit set and 30 days before flower-
ing (T,), and 15 days after fruit set and 60 days before flowering
(T,). Applications of N at 600 g and P,0O, at 400 g plant/year
were provided 15 days after fruit set and 15 days after harvest-
ing. Potassium was applied in two equal splits at time intervals
mentioned above. The field was irrigated regularly during
fruit growth as well as after fertiliser application, except when
fertiliser was applied before flowering. Plant protection mea-
sures were taken as and when necessary. Leaf K content was

M ost fruit crops are heavy feeders of K and they usually

Grading of harvested litchi in the experimental orchard.

estimated by standard procedure (Piper, 1944) after randomly
collecting 3 and 4" pairs of leaves from the tip at the time of
panicle initiation. Photosynthesis, stomatal conductance, and
transpiration rate were measured weekly after fruit set for two
leaves per leaf position on three trees at 1400 hours using a
portable photosynthesis system (CI-310, CID, Inc. USA). The
water use efficiency was calculated as photosynthetic activity
(umol CO,/sq. meter/second) + transpiration (Mmol H,0/sq.
meter/second) and was expressed in mmol/mol (Veberic et al.,
2005). The total soluble solids (TSS) were measured by hand
refractometer and titratable acid content was estimated by the
method described in AOAC (1990).

The average K content of leaf varied between 0.88 and
1.00% due to different levels and timings of K application
(Table 1). Plants provided with 600 and 800 g KO at 15 days
after fruit set and 60 days before flowering showed maximum
(1.00%) accumulation of K within the leaf (treatments S,T, and
S,T,, respectively). This was followed by K accumulation of
0.95% in treatments S,T, and S,T|. The lowest leaf K content
was recorded with 400 g K, O applied in two equal splits at 15
days after fruit set and 60 days before flowering. In general,
higher levels of K application increased leaf K content. Menzel
et al. (1995) from Australia reported that leaf K content of litchi
was linearly related to K application rate. Higher accumula-
tion of leaf K due to increased K application in litchi was also
reported by Lal et al. (1999).

The average photosynthesis activity of leaves (Table 1) was

Abbreviations and notes for this article: K = potassium; ATP = adenosine
triphosphate; H* = hydrogen ion; CO, = carbon dioxide.



Table 1. Effect of treatment on average leaf K content, photosynthesis rate, stomatal conductance, water CO,/sq. met‘?r/second)
use efficiency of leaves, yield, and fruit quality of litchi. was found with 1.02%
S I leaf K content (S,T,) in
tomata st ;
the 1 k after fruit
Leaf K Photosynthesis, conductance, Water use Fruit Aril se(: (Fiw:?:-e al )er PLLE—
content, pmol CO, /sq. mmol/sq. meter/  efficiency, ~ Yield,  weight, recovery, TSS/acid gu -
% meter/ seczond second mmol/mol  kg/tree g % ratio Igzzrel;};f;:h?gc}:;?gu(;f
ST, 0.93 5.87 17.45 15.33 54.82 2027 55.89 33.21 ing the first two weeks
ST, 093 6.02 18.62 1634 7150 2347 6221 g3 |  After fruit set and de-
12 clined thereafter until
ST, 0.88 6.81 20.03 18.01 6430 23.37 63.63 50.97 harvest. Treatment S,T,
ST, 095 8.70 21.22 2043 7728 2094 6046 3870 | Sustained the highest
2 photosynthetic activity
ST, 0.89 5.86 16.50 17.47 79.58  23.71 60.98 48.24 until the 4" week after
ST 1.00 12.19 27.86 2645 7891 2403 6242 6207 fruit set.
2'3 The average sto-
ST, 0.95 9.20 22.74 25.21 5191 2168 56.46 46.50 matal conductance of
leaves varied between
S.T 0.92 7.71 22.01 20.78 78.69  22.50 59.56 52.22
S 16.50 and 27.86 mmol/
ST, 1.00 11.50 25.08 25.62 58.83 2249 59.58  57.19 sq. meter/second, and
S, 20 . it appears that stoma.tal
DE\/. o 4 o 5 365 423 1115 130 261 880 Conductance also 1n-
5td creased along with leaf
Err'or 0.014 0.798 122 1.41 3.72 0.43 0.87 2.93 K content (Table 1).
Highest stomatal con-
21- 4{?003 KléOO//ttree/}/eor ng joys oger ;ruii set onj ;8 joys Eftfer h(]:glrvestv du%tance correspond-
-600g ree/year -15 days after fruit set an ays before flowering . .
Sz - 800g KiO/tree/yeor T§—15 days after fruit set and 60 days before flowering ed with }élgTheszleaf K
N at 600g and PO, at 400g/tree/year (fixed) were applied 15 days after fruit set and 15 days after harvest content (3,T,). Average
g 275 9 Y PP Y Y : conductance was lowest

highest (12.19 and 11.50 pmol CO,/sq. meter/second) when the
average leaf K content was 1.00% compared to 6.81 and 5.86
pmol CO,/sq. meter/second when leaf K content was lowest at
0.89 and 0.88%, respectively. Thus, higher leaf K content cor-
responded with increased photosynthetic activity. The highest
photosynthesis activity recorded among treatments (17.30 pmol

under S,T, where leaf K
content was 0.89%. In general, stomatal conductance was high
during the first three weeks after fruit set, then it decreased
until weeks 5 and 6, and increased once again at the later stages
of fruit growth (Figure 2). Highest stomatal conductance
was 35.20, 35.86, and 27.80 mmol/sq. meter/second in the

1%, 2", and 3" week, respectively, under S,T,. This treatment
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Figure 1. Leaf photosynthesis rate due to different treatments.

Figure 2. Leaf stomatal conductance rate due to different treat-
ments.
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was followed by ST, (leaf K content was 0.99% and 1.04%
in the month of April and May) which continued to have high
conductance in the rest of the fruit growth period.

Average water use efficiency was also found to be higher
under S,T, and S,T, and was positively influenced by leaf K
content (Table 1). Water use efficiency was higher in all treat-
ments during the first two weeks after fruit set and gradually
decreased up to the 8" week.

Maximum average fruit weight (24.03g), TSS/acid ratio
(62.07), and aril recovery (62.42%) were recorded under S,T..
Maximum yield (79.58 kg/tree) was noted for the S,T, treat-
ment, which, however, was statistically at par with the yield
achieved under S,T,.

Potassium not only promotes the translocation of newly
synthesized photosynthates, but also has a beneficial effect
on the mobilization of stored material (Mengel and Kirkby,
1987). We observed higher yield, fruit weight, aril recovery,
and TSS/acid ratio of fruit with higher leaf K content. These
characteristics are affected by photosynthesis, translocation
of photosynthates, regulation of stomata, activation of enzymes
and many other processes. Plants require K for the production
of high-energy molecules (Wallingford, 1973). This energy is
required for all synthetic processes involved in plant metabo-
lism, resulting in production of carbohydrates, proteins, and
lipids, which express the quality of the crops.
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Increased leaf K content in litchi increased yield and improved quality of
fruit.
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