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Table 1- ANOVA results for photosynthesis (A), transpiration rate (E), stomatal conductance (gs), internal CO2 concentration

(Ci), leaf nitrogen (N) and photosynthetic nitrogen use efficiency (PNUE) of “Kalleh-ghuchi” pistachio treated with urea one, two
or three time during growing season

Ol s 2ol Means Squares
Source of variance Oley o (uSilo
sl a4 A E g Ci N PNUE
df
°”'_ °"-’_K 3 6.94 ™ 1.22* 0.001 ™ 231.4 " 16.59™ 1.21™
Urea application (UA)
Sok 4 0.60 " 0.05 ™ 0.0001 " 308.51 1™ 0.07 ™ 0.25™
Block (B)
ol 12 0.35™ 0.13m 0.00002" 5721 0.0007" 0.25M
Errorl
Sy )8 1 11.02 2.26 0.003 10579 0.95 0.098 ™
Sampling date (SD)
13 pdiges gu,b Xo x x x *x *
Sty )5 Xosgl 32 3 0.92 0.17 ™ 0.0003 1141 0.49 4.37
SDxUA
9 ol 16 0.289 0.132 0.00002 254 0.81 0.39
Error2
Y Sy 4.85 4.38 2.69 7.35 6.78 5.23
CV (%)

ns, *, **: Non significant, significant at p < 0.05 and p <0.01, respectively.
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Figure 1- Effect of repeated urea application on photosynthesis rate [A] (A), stomata conduction [gs] (B) and intercellular
CO:2 concentration [Ci] (C) of pistachio trees cv. “Kalleh-ghuchi” in two sampling dates (17 Jul and 28 Jul)
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Figure 2- Effect of repeated urea application on transpiration rate [E] of pistachio trees cv. “Kalleh-ghuchi” in two sampling
dates (17 Jul and 28 Jul)
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Figure 3- Effect of repeated urea application on leaf nitrogen concentration (A) and photosynthetic nitrogen use efficiency (B)
of pistachio trees cv.” Kalleh-ghuchi” in two sampling dates (17 Jul and 28 Jul)
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Table 2- ANOVA results for variable to maximum fluorescence ratio (Fv/Fm), performance index (P1), chlorophyll a (Chl a),

chlorophyll b (Chl b), Total chlorophyll (TChl) and carotenoids content of “Kalleh-ghuchi” pistachio treated with urea one,
two or three time durings growing season

Ol o (ke
Mean Squares

e @Lﬁ Sty Fu/Fm PI Chla Chlb TChl Carotenoids
Source of variance df
”’_' ”*flg 3 0.004 ** 535 0.014 ™ 0.008 ™ 0.04™ 0.00005 ™
Urea application (UA)
sk 4 0.0001" 0.73™ 0.0003 s 0.0002 " 0.0009 " 0.000004 "
Block (B)
S sl 12 0.0006™ 0.47" 0.00003™ 0.00008 " 0.0002 " 0.0000021 ™
Errorl
S piged )l 1 0.001 * 64.75™ 0.07 ™ 0.011* 0.14* 0.000002

Sampling date (SD)
3,5 5 Io paiges gu b

o9 3 0.0003™ 719" 0.0016 ™ 0.0008 ™ 0.004 ** 0.000006 "
SDxUA
9 sl 16 0.00006 0.81 0.0003 0.0001 0.0004 0.000001
Error2
st o 1.004 8.88 1.96 4.42 1.49 4.37
CV (%)
o3 S Jless | e 53 )5 gime glas g 2o yd B Jloin] pdaws p3 ) pze gl )b pize gl pas oy & i g % NS
ns, *, **: Non significant, significant at p < 0.05 and p <0.01, respectively.
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Figure 4- Effect of repeated urea application on Fv/Fm (A) and Pl (B) of pistachio trees cv. “Kalleh-ghuchi” in two sampling
dates (17 Jul and 28 Jul)
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Figure 5- Effect of repeated urea application on chlorophyll a (A), b (B), Total chlorophyll (C) and carotenoids (D) of
pistachio trees cv. “Kalleh-ghuchi” in two sampling dates (17 Jul and 28 Jul)
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Table 3- the correlation results between leaf nitrogen concentration whit photosynthesis rate (A), variable to maximum
fluorescence ratio (Fv/Fm), performance index (PI) and Total chlorophyll (TChl)
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Introduction: Pistachio (Pistacia vera), as one of the most important horticultural products of Iran, has been
embraced as one of the main commercial products. Rafsanjan is an important area of pistachio production in the
world. High production is primarily dependent on the ability of the trees to produce large amounts of
photoassimilates during the growing season. Nitrogen is the primary nutrient element needed in the greatest
quantities for plant growth and physiology. The greatest impact of nitrogen is in relation to photosynthesis.
Therefore, the rate of CO- assimilation has been closely related to leaf nitrogen status. Nitrogen deficiency leads
to the reduction in the activities of enzymes involved in photosynthesis and consequently a decrease in the rate
of CO; assimilation. Regarding the key role of nitrogen in metabolic activities, especially photosynthesis, this
research was conducted to investigate the effects of repeated foliar applications of urea on photosynthesis
parameters of “Kalleh-ghuchi” pistachio cultivar.

Materials and Methods: This research was conducted to assess the effect of repeated foliar applications of
urea on photosynthetic parameters of pistachio trees in different stages of fruit growth, as a factorial experiment
based on a randomized complete block design with five replications. In this experiment, urea was applied at the
rate of 0.5% at three different stages of fruit growth including initiation of embryo growth, rapid growth of
embryo and during flower bud abscission with two weeks interval. Measurement of photosynthesis parameters
(including photosynthesis (A), transpiration rate (E) and stomatal conductance (gs) and intercellular
CO; concentration (C;i)) were done by used a portable photosynthesis system, after measuring photosynthesis
parameters, chlorophyll fluorescence parameters (Fw/Fm and PII) were recorded by using a Chlorophyll
Fluorometer. Leaf nitrogen content was determined by the kjeldahl method. Leaf chlorophyll and carotenoids
content were measured according to porra (2002). Photosynthetic nitrogen use efficiency (PNUE) was calculated
as the ratio of photosynthesis to foliar nitrogen content. All above parameters was performed in two times, one
day after the last spraying and 10 days after the first stage of measurement. The experimental data was analyzed
by SAS software and the significant differences among the treatment were tested by Duncan test.

Results: The results showed that photosynthesis and transpiration rate and stomatal conductance were
increased in urea treated trees compared to control in both sampling dates, while intercellular CO, concentration
was decreased by urea application. Three times applications of urea caused a 20% increase in photosynthesis rate
compared to control trees. Leaf nitrogen content was also increased by repeated urea application in two sampling
dates, as three times application of urea resulted in a 65% increase in leaf nitrogen concentration compared to the
control , while photosynthetic nitrogen use efficiency decreased by urea application. FW/Fn and PIl were
improved by repeated urea applications in two sampling dates. The results also indicated that chlorophyll
pigments were increased by urea application. Generally, results showed that the maximum of photosynthesis and
related parameters were obtained with three applications of urea at second date of sampling.

Discussion: Any increase in photosynthesis with urea application indicates that more nitrogen maybe
allocated to the enzymes of the carbon assimilation. Thus, more CO; could be used by the plant, therefore
increases in CO; assimilation was accompanied by a decrease in the C; due to nitrogen application. In the present
study, nitrogen application increased stomatal conductance of pistachio trees. Application of nitrogen can
influence stomatal opening, and thus transpiration rate. Increased chlorophyll content with applied nitrogen
indicates paramount role of nitrogen in determining of chlorophyll synthesis. Increasing photosynthesis rate is
always accompany with chlorophyll fluorescence reduction that is in agree with our results. Differences in
PNUE are mainly brought about by differences in photosynthetic capacity or foliar nitrogen allocation either
within the photosynthetic apparatus or to non-photosynthetic pools (e.g. cell walls, nitrate).

Conclusion: The results of this study showed that urea application can improve photosynthesis capacity by
increasing nitrogen content of pistachio leaves. In this experiment, repeated foliar applications of urea in
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different stages of fruit growth had positive effects on photosynthesis and other dependent parameters which
may be effective in reduction of alternate bearing in pistachio trees. On the other hand, the effect of nitrogen
application on photosynthesis was continued for more than a month after application, compared to control.
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