OnLine Joumnal of Biological Sciences 3 (6): 578-584, 2003
ISSN 1608-4217
© 2003 Asian Network for Scientific Information

Water and Nitrogen Stress on Maize Photosynthesis
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Abstract: Two varieties of Zea mays (L.) from Iran differing in their growth and
development have been used to study the effect of water and nitrogen stress on some
of their photosynthetic performance. Chlorophyll content and fluorescence,
photosynthetic CO, assimilation of leaves and total leaf water potential were measured.
The results indicated that photochemical efficiency of photosystem II (F/F,) was
severely reduced by nitrogen and water deficiency. Whereas, leaves of low-nitrogen
plants had earlier and more prolonged reduction in F,/F,, compared to leaves of
high-nitrogen grown plants of the same water treatment. Chlorophyll content and
photochemical efficiency of photosystem |l as the key parameters determining
photosynthetic were reduced in KSC 108 and 301 cultivars. KSC 301 was able to perform
better, because showed higher F,/F ratios when subjected to water stress. Net
photosynthetic rates and total leaf water potential were lower in the leaves of the
nitrogen deficit treated plants under water stress. The rates of net photosynthetic
assimilation were decreased during drought in both varieties, but KSC 108 was more
affected. The results showed that although rewatering ameliorated reduction in F,/F,
and net photosynthetic rates, not completely eliminate depression in these parameters
for low nitrogen grown plants.
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Introduction

Plants are exposed to a multitude of natural biotic and abiotic stressors. Almost all stressors
affect either directly or indirectly the photosynthesis performance of leaves (Harmut and Babani,
2000). Differences in photosynthetic rates are most likely to be observed under conditions of
environmental stress (Earl and Tollenaar, 1999). Chlorophyll flucrescence has been shown to be
a useful tool in identifying previsual strain {Zarco-Tejada et al., 2000). The amount and kinetics
of chlorophyll fluorescence emitted from leaves upon illumination with actinic light may be used
as a probe of the primary photochemistry of photosynthesis. In particular, the ratio of variable
fluorescence (F,) to maximum fluorescence (F,) has been used as a measurement of the
photochemical efficiency of photosystem | (BjOrkman and Demmig, 1987). The ratio has been
correlated with photosynthetic quantum yield in a variety of species (BjOrkman and Powles, 1984)
which indicates that F /F,, may be used to evaluate the response of photosynthetic machinery
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structure and physiological function from base to tip in a maize leaf, the middle segment of the
leaf was chosen for measurements of chlorophyll, Chlorophyll flucrescence and net
photosynthetic rate.

Statistical analysis was performed using Analysis of Variance. Significant differences from
values were determined at P< 0.05 according to Duncan’s multiple range test (DMRT).

Results

Chlorophyll content was not differ in varieties at the beginning of water deprivation, but

differences were observed between nitrogen levels in both varieties. Table 1 shows that after
water stress, chlorophyll content per unit leaf area decreased in plants. Water stress decreased
chlorophyll content by 8-20% in compared with control. The drop in total chlorophyll was due
both to decreases in Chl a and Chl b (data not shown). The different nitrogen utilization had
shown significant effect on chlorophyll content under water stress. The lowest chlorophyll
content was belong to water stressed plant with low-nitrogen levels.
Nitrogen and water availability affected the rates of net photosynthetic assimilation (A} and the
total leaf water potential of plants (Fig. 1). The rates of net photosynthetic assimilation were
decreased during drought in both varieties. Leaves of high nitrogen with that continuously
irrigated plants had the highest A and leaves of low nitrogen with 3 d water deprivation had the
lowest A, leaves of high nitrogen with water deprivation and low nitrogen with well-watered had
intermediate net photosynthetic assimilation values.

The total leaf water potential in well-watered control plants was almost constant through
out the period of the experiment. In contrast, the total leaf water potential of the leaves of the
droughted plants measured 3 h into the photoperiod decreased sharply after 3 d of water
deprivation {Fig. 1). Net photosynthetic rates and total leaf water potential were lower in the
leaves of the nitrogen deficit treated plants under water stress. The ratio of variable to maximum
fluorescence was used to estimate photochemical efficiency of PSII. As seen in Table 1, two

Table 1: The means of net photosynthtic CO, assimilation (umolm~2s~'), Chlorophyll content (ug/cm?), F,/F,

Total leaf potential (-Mpa) by leaves of two varieties at two levels of nitrogen after 3 d of water deprivation

Yariety Nitrogen Water stress  Chlorophyll Content F,/F, CO, assimilation Total leaf water Potential
108 100 + 26.%e 0.435e 8.66e -1.42¢
108 100 - 29.4de 0.585b 14.40bc -0.50a
108 200 + 31.7cd 0.541cd 11.20d -1.12b
108 200 - 39.8a 0.732a 18.96a -0.38a
3M 100 + 27.8e 0.515d 12.30cd -1.05b
3M 100 - 32.8bc 0.572bc 15.13b -0.50a
30 200 + 35.2b 0.603b 13.30bcd -0.95b
3M 200 - 40.7a 0.715a 19.50 a -0.44a

Means followed by similar letters in each column are not significantly different {5%)
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Fig. 1:  The rate of net photosynthetic assimilation (umolm~2s~1) {Bars) and total leaf water potential (-Mpa) (Broken
lines) of two varieties (KSC 301[a], KSC 108 [b] of maize plant continuously irrigated (closed symbols) and
imposed by withholding water for 3d then rewatered (open symbols) in two nitrogen rates
HN-WD=high nitrogen-water deprivation, HN-Control=high nitrogen-well watered, LN=low nitrogen-water
deprivation, LN-Control=low nitrogen-well watered, SE is indicated for each value
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