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Gas Exchange Properties of Potato Plants under Different Nitrogen Regimes
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Abstract:  The  effects  of different nitrogen levels (N0 = control, N1 = 101 Kg haG1 and N2 = 202 kg haG1) on net
photosynthesis  (PN),  stomatal  conductance  (SC),  transpiration  rate  (TR),  water  use efficiency (WUE) and leaf
chlorophyll (LC,  SPAD  value)  were  studied  in  field  grown  potatoes  (Solanurn  tuberosum  L.  cvs.  May  Queen
and Dejima). PN increased by the application of N to a smaller extent over control. In all cases, trend of PN initially
increased and reached the peak at the time of tuber initiation and then gradually decreased. SC also increased in the
N treated plant. The TR increased sequentially as fertilizer N level increased and WUE also increased by N treatment.
Nitrogen fertilizer effect was more pronounced in case of LC. Higher N treated plant showed the higher levels of LC at
all stages of growth. PN also showed highly significant positive correlation with SC, TR, WUE and LC. Between the
cultivar PN, SC, TR and LC is comparatively higher in Dejima than May Queen. In conclusion, PN increased through the
increase of SC resulted by the increase of TR, WUE and substantially increased the LC.
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Introduction
Nitrogen plays a vital roles in the growth and development of
the crops as it required in large amounts in the non-legume
crops. Therefore, judiciary supply of N fertilizer is important
for proper growth and economic benefits of the users and also
for the higher photosynthate production. Many factors known
to affect the photosynthetic capacity, such as CO2 supply,
temperature, leaf water status and illumination (El-Sharkway
and Hesketh, 1964; Gaastra, 1959; Hesketh and Moss, 1963)
may act directly as limiting variables to photosynthesis. In
leaves of higher plants photosynthesis is regulated strongly by
the environment interacting with the genetic potential of the
plants.
The influence of mineral nutrition on photosynthesis of plants
has been reviewed by Natr (1972) wherein examples of
increased rates of photosynthesis with increasing amounts of
nutrients are cited. Andreeva et al. (1971) also reported that
photosynthetic rates of potatoes increased with nutrient
solution strength up to an optimum concentration. Increased
photosynthetic rates with increasing amounts of applied N
were, however, not found in field grown wheat (Thomas and
Thorne, 1975; Pearman et al., 1979; Gregory et al., 1981).
Low N supply reduces markedly the rate of CO2 assimilation
by sugar beet leaves (Nevins and Loomis, 1970). Firman and
Allen (1988) reported photosynthetic rates of leaves of the
field potato plants grown without applied N reached levels as
high as those receiving N. Dwelle et al. (1981a, b) have found
significant differences in photosynthetic rates among potato
clones. According to Mihhorpe (1963) the rate of
photosynthesis of potato crops after tubers are formed is
controlled by the growth of the tubers, the chief sink of
photosynthetic products.
Still there are controversy remains between the N treatment
and the photosynthetic rates of potato plants. Therefore, we
studied the other physiological properties together with
photosynthesis for better understanding of the effects.
The Chlorophyll meter (SPAD) provides a simple, quick and
nondestructive methods for estimating leaf chlorophyll content
(Watanabe et al., 1980). The SPAD meter has been widely
used to predict the need for additional N fertilizer for many
crops  (Turner  and  Jund,   1991;  Arcia   et  al.,   1996;
Peng  et  al.,  1996;  Piekielek  et al., 1995; Fox et al., 1994).
For many species, more than 95% of the plant dry weight is 
derived from photosynthetically fixed CO2 (Zelitch, 1975).

Cieply (1976) concluded that assimilation rates can be used as
a physiological criterion for rapid selection in potato breeding.
Therefore, photosynthesis study is important for plant growth
and higher yield. Many studies have been done on
photosynthesis but combined studies on net photosynthesis,
stomatal conductance, transpiration rate, water use efficiency
and leaf chlorophyll have not been done too much in the field
grown potatoes under different N levels. For that, a better
understanding of the effect of variable N fertilizer on
photosynthesis and other physiological properties and their
interrelationship is important.

Materials and Methods
This is the companion paper and the experimental details are
described earlier (Ghosh et al., 2000). Treatment consisted of
three  N  levels  (N0  =  control,  N1  =  101   Kg   haG1   and
N2 = 202 kg haG1) and two potato cultivars arranged in a
split-plot design.
The leaf photosynthesis and related gas exchange
characteristics was measured throughout the growth period
from the youngest fully expanded leaf (third or fourth leaf from
the apex)  by  using  a  portable  photosynthetic  system, the
LI-COR Primer 6200 (LI-COR Inc. USA) on sunny days
between 10.00 am to 2.00 pm. Water use efficiency was
calculated as the ratio of photosynthesis to transpiration rate
(Paez and Gonzalez, 1995).
Leaf chlorophyll was measured by using Minolta SPAD-502
meter (Minolta Co. Ltd., Japan) to the same leaf after the
completion of photosynthesis measuremoms. All the statistical
analyses were performed by the software MSTAT-C package
(Michigan State University, USA).

Results
Net photosynthesis (PN): The two cultivars showed a similar
trend of increase of PN by the N treated plants (Table 1).
Higher levels of N treated plants sometimes showed higher PN
than control and the N1 treated plants sometimes possessed
the higher levels of PN. But there was no consistent level of
increase was observed between the N1 and N2 treatment. PN
initially increased and reached the peak at 24 DAE (days after
emergence) and then gradually decreased. Cultivar Dejima
showed slightly higher levels of PN than May Queen and the
rate of decrease was relatively slower than May Queen at the
later stage of growth.
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Table 1: Effect of different N levels on net photosynthesis (µ mol mG2 sG1) of two potato cultivars
Cultivars N levels 12DAE 24DAE 36DAE 50DAE 65DAE

N0 17.4 26.9 24.6 19.4 7.7
May Queen N1 18.9 28.9 28.0 19.0 7.3

N2 18.2 29.6 29.1 18.8 9.6
LSD (0.05) 1.24 2.46 3.29 3.21 1.12

Dejima N0 18.6 26.7 27.5 20.1 10.8
N1 23.1 33.4 26.6 22.0 10.2
N2 19.1 30.3 26.2 18.3 13.0
LSD (0.05) 0.98 1.56 2.31 2.48 1.32

DAE: days after emergence, + Lsd (0.05): Least siginificant difference at 5% probability level

Table 2: Effect of different N levels on stomatal conducatance (µ mol mG2 sG1) of two potato cultivars
Cultivars N levels 12DAE 24DAE 36DAE 50DAE 65DAE

N0 0.776 0.904 0.693 0.306 0.193
May Queen N1 0.808 1.102 0.718 0.294 0.113

N2 0.829 0.964 0.737 0.264 0.201
LSD (0.05) 0.099 0.073 0.124 0.030 0.032

Dejima N0 0.799 1.038 0.693 0.353 0.198
N1 0.785 1.136 0.654 0.405 0.187
N2 0.851 1.082 0.594 0.330 0.246
LSD (0.05) 0.042 0.096 0.041 0.070 0.031

Table 3: Effect of different N levels on transpiration rate (µ mol mG1 sG1) of two potato cultivars
Cultivars N levels 12DAE 24DAE 36DAE 50DAE 65DAE

N0 10.6 12.7 11.9 7.8 6.2
May Queen N1 11.4 13.4 12.2 8.0 5.1

N2 11.5 13.6 12.4 8.1 7.0
LSD (0.05) 0.47 0.74 0.53 0.53 0.50

Dejima N0 12.2 13.4 10.7 8.8 6.7
N1 12.4 14.2 11.0 9.2 6.5
N2 12.3 14.1 11.6 8.8 7.7
LSD (0.05) 0.63 0.52 1.37 0.96 0.49

Table 4: Effect of different N levels on water use efficiency (µ mol/m mol) of two potato cultivars
Cultivars N levels 12DAE 24DAE 36DAE 50DAE 65DAE

N0 1.64 2.13 2.07 2.49 1.25
May Queen N1 1.66 2.16 2.31 2.38 1.36

N2 1.59 2.18 2.36 2.33 1.36
LSD (0.05) 0.103 0.269 0.243 0.124 0.166

N0 1.53 1.99 2.58 2.27 1.62
Dejima N1 1.86 2.36 2.41 2.38 1.57

N2 1.55 2.15 2.27 2.07 1.69
LSD (0.05) 0.083 0.040 0.299 0,172 0.175

Table 5: Effect of different N levels on leaf chlorophyll (SPAD value) of two potato cultivars
Cultivars N levels 12DAE 24DAE 36DAE 50DAE 65DAE

N0 40.0 43.9 42.4 43.6 29.4
May Queen N1 52.4 49.0 51.0 50.6 37.1

N2 54.3 52.8 56.0 50.7 42.7
LSD (0.05) 3.12 1.03 2.96 2.99 1.83

N0 46.4 46.8 46.7 41.5 31.5
Dejima N1 52.2 51.8 48.7 48.7 41.1

N2 53.9 52.0 54.6 52.4 43.8
LSD (0.05) 1.94 0.93 1.08 2.79 1.72

Stomatal conductance (SC): Treatment effects on SC were
similar to those observed for PN. Increased PN also increases
the SC of plants (Table 2). SC showed the similar trend of
increase by the N treated plant. But the level of increase was
sometimes higher in N1 and sometimes in the N2 treatments.
SC initially increased and reached the peak at the time of tuber
initiation and then gradually decreased. SC, was also higher in
Dejima than May Queen.

Transpiration rate (TR): Higher N fertilizer treated plant
showed higher TR in both cultivars throughout the growing
season (Table 3). The difference between the N1 and N2

treatments is much lower than the difference in N0 and N1, N2

treatments. Like PN, TR value was also reached the peak at
the time of tuber initiation and then gradually decreased. TR
value was also higher in Dejima than May Queen but the trend
was similar in both cultivars.
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Table 6: Correlation coefficients between photosynthesis and
other physiological properties of two potato cultivars
under different N levels (n = 15)

May Queen Dejima
PNXSC 0.630** 0.556**
PNXTR 0.896** 0.826**
PNXWUE 0.760** 0.720**
PNXLC 0.657** 0.629**
**: Indicates significant at 0.01 level, Pn: net photosynthesis,
Sc: stomatal conducatnce, TR: transpiration rate, WUE: water
use elficiencey, LC: leaf chlorophyll

Water use efficiency (WUE): The WUE also increased by the
applied N1 but did not maintain any consistent increase
between N1 and N2 treatment throughout the season (Table 4).
WUE initially increased and reached the peak at 36 DAE and
50 DAE in Dejima and May Queen respectively. WUE was also
relatively higher in Dejima than May Queen.

Leaf chlorophyll (LC): The increase in LC with increased N
supply was observed in both cultivars throughout the growing
season (Table 5). The difference between the N1 and N2 is
lower than the difference between N0 and N1, N2. The LC
reached the maximum at the same time in both cultivars. The
LC value reached the peak at 12 DAE, 24 DAE and 36 DAE in
N1, N0 and N2 treatments respectively. LC value was slightly
higher in Dejima than May Queen.

Relationship between photosynthesis and other properties: The
highly significant correlation was observed between PN and
other properties and the relationship was similar in both the
cultivars. The PN showed significant positive correlation with
SC, TR, WUE and LC (Table 6).

Discussion
Our results clearly indicate the increased PN by the application
of nitrogen fertilizer which agree with the report of Nevins and
Loomis (1970) in sugar beet. But in contrast, rates of
photosynthesis in plant leaves grown without applied N
reached levels as high as those receiving N and suggesting
that arable soil N replenish the photosynthesis rates (Firman
and Allen, 1988), This discrepancy of results might be due to
the growth pattern and growing conditions of the plants. Here
potato growing season is nearly half of the Firman and Allen
(1988) experiment.
The gas exchange of plants supplied with N in the N1 and N2

did not differ too much in the growing season for both
cultivars. The effects of N1 and N2 treatments is not similar for
all cases. In some cases, N1 treated plant showed the higher
rates of photosynthesis and sometimes N2 treated plant
showed the higher rates of photosynthesis. This difference
might be due to the cultivar, growth of the leaf and major sink
organs (tuber).
Higher photosynthesis value is associated with the increased
SC and LC resulted by the increase of TR and also WUE under
higher N treated conditions. Higher SC increased the TR of the
potato plants. But in all cases, the higher N treated plant did
not show higher photosynthetic rates.
The PN value reached the maximum at the same time in all
treatments and both the cultivars. This might be related to the
initiation of tuber of the cultivar. The higher photosynthetic
rate might be related to higher sink capacity of the growing
tuber after their formation (Mihhorpe, 1963).
The  increased  N  treated  plant  (N2) resulted in the increased

vegetative growth than that of tuber growth and produced
higher amount of total dry matter (Ghosh et al., 2000). And
this higher dry matter production is related to the higher PN
and LAI of the increased N treated plant, which initiated
vegetative growth instead of tuber growth. So, the increase in
dry matter production by N application is therefore achieved
through effects of higher PN and leaf area duration.
Among the properties studied, LC increased substantially
higher by the application of N fertilizer. This is related to the
higher levels of leaf N or the higher protein content of the
chloroplast. Increase of LC value is directly related to the
increase of leaf N of the treated plant (Ghosh et al., 2000).
Increased LC resulted in the increased PN but the increase was
not consistent and might be due to the higher leaf or
vegetative growth, as whole plant PN increased by N2

treatment. It is well known that N plays a key role in the
establishment and maintenance of photosynthetic capacity of
many crops. If no other restrictive factors are present, an
increase in N supply would increase the growth, LC content
and photosynthetic capacity of the leaves (Below, 1994).
Thus once plant are established, sufficient N must be available
to maintain the higher photosynthetic apparatus and its
activity. In the present study Dejima contained higher leaf
chlorophyll than May Queen and maintained higher PG and
produced higher dry matter.
The decline in photosynthesis with plant age has been
reported in many crops including potato (Vos and Qyarzun,
1987). Here PG decreased relatively slower in Dejima than
May Queen. This might be due to the difference in plant type
and growth habit of the cultivars (Fonseka and Asanuma,
1996). It has been shown that leaf N status is closely related
to the LC for many crops (Piekielek and Fox, 1992; Turner and
Jund, 1991), as most of the N in the leaf is associated with
the protein in the chloroplast. The highly significant correlation
between PN and LC can therefore be related with close
association with the N status of the leaf. Photosynthesis also
showed significant correlation with SC, TR and WUE.
The photosynthesis of potato leaves must be increased by the
applied N, but in the field condition available N in arable soil is
not low enough to limit leaf photosynthesis of crop plants
directly. Therefore, applied N in this experiment did not
increase the PN too much. But photosynthesis increased in the
early grown potato by the application of N fertilizer up to
certain level. SC and WUE were increased and more
pronouncedly the leaf LC and TR were increased by N. It is
suggested that judiciary application of. N fertilizer can improve
the tuber yield through higher photosynthesis if other factors
remain sufficient.
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