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GAS 

G.POSCA, V. E. 

Abstract: of a to study  the  effects of 
on the 

identify  the  ones  that  play a 
levels (O and 200 N) with two irrigation (restoring 
days 100% the 

-2.4 
in 

stress was to the 
a 

Thjs in in 
efficiency  due to the level, the two the leaf with 

the 
the one measured to 

to compensate the negative  effects this stress, drop 
in, the  total to  the in the 

of total 
leaf 

is is 
as This takes place in the  leaf  but,  following on the 

in the the of the 
the plant. 

COz flow between the the leaf the stomata1 
openings; the same path is in the .opposite the by 

This accounts the close  association  between and  photosynthesis  and 
the on the fact, if soil 

to deplete  excessively, the to the 
until the en4 of its the 

this inevitably  causes a in the assimilation  activity. 
the also 

1989); it depends  on a like the age of the tissue et al., 1993), the sink 
1992) and the availability of as well as 

the nitrogen plays a decisive fact, the photosynthetic  capacity of leaves is closely 
to et al., l.c.),  which is a element  of 

also affects the content of in 
the ei al., 1994).  Although, it of these 
elements is the of 

and. Vos, et al., et al., lx.). This accounts the 
in 

nitrogen the 
also because of the negative  effects  on the leaf 
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1995) and  on the et  al., 1990). The 
by 

that et al., fully 
mechanisms  and the effects  of the by the the data 

at to to the 

1978). 

the last to model  mathematically the 
the still 

insufficient to the all 
fact, although the said only  some  of  those  involved  in  plant 
physiology,  it is evident  that,  beyond the to 

the 
on  yield. is then  useful to the to 

also to 
modeling. 

on this is in the the 
to study the effects of on the 

both at the  leaf  and at level,  and to identifl which  ones  have a 

Cropping practices and  experimental  treatments. 

The in a at the  Faculty  of 
the a 

with total (CV 2 1996  with a 
density  of  2.8  plants m-2 0.4 X 0.9 m), and at the 
stage A system  of 
automatic  heating below  12OC, 
opening was humidity  was  almost 

an 
the handmade hoeing  and 

as ammonium 
N ~ w ,  one, NO) 

using a two 
which - day - the (WW), and 
the - - was 

~ 2 . 4   m a ,  in 
the WW by by an 

E) located  in  the  middle  of a plot WW  by an 
taken  equal to 1.2. the WS the two 
induced at the  end  of  which a of 55 mm was  applied. 
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taken 

to on June  20 (49 
12 a.m. to 1 p.m. on weekly  basis: 

The 

LCA2); 

Leaf to a steady  type diffusion 
mod. 1600); 

a (chl a) and b 
1980). 

At the end of the (l 18 
the to 

by O and  3200 
pm01 of  photons m-2s-' of  photosynthetically  active an 

the at 34 k0,5"C.  The data thus  obtained 
the estimate  of  the 

compensation  point  of  photosynthesis: 

A-, and E the 
conditions, the compensation  point  of  photosynthesis  and  the  initial  quantum  yield.  At the leaf 

as a of  assimilated C02 and the 
(WuEl, 

At 
the to the  soil 

by the the 
SF-80) the the the 

= - - + (2) 

At the end  of the  second cycle, in all 
to by a the 

a 
1984). 

the the total 
at the end  of the total 
= 

(ET) the 
as .a of total 

(WUE, 
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1 the the photosynthesis (A), 
and stomatal (rs) in 

it can be observed, didn't affect at  all the status of the in fact, 
the YI  of the equal to -1.6 N200 and in NO 
(tabe 1). 
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I 

y" 

r 

' m  
I 
E 

7- 
u) 

Figure 1. Trends of leaf  potential  (a),  net  photosynthesis (b), leaf  transpiration (c) and  leaf 
diffnsive  resistance  (d)  measured in the  four  experimental  treatments  during  pepper  growing 
cycle.  The  arrows  indicate  the  irrigation  time  in  the  water  stressed  treatments (WS) .  Vertical 

bars  are  the  standard  error of the  mean. 
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Table 1: Average  values of the  measuring perid of leaf  water  potential (Yl, net 
photosynthesis (A, pmolCOzm-2s-'),  transpiration 
(rm S cm')  and leaf water  use  efficiency (?VU&, pmolCO~/mmo~~O). the lines, the  means 
followed  by  different  letters  are  signisicantly  different  fkom  each  other  according 20 
test at P = 0.01. 

N ham1 N 
N200 No ww WS N2ooWW N200WS' N O W  NOWS 

u;, -1.6 -1.6 -1.4 A -1.9 B -1.4 -1.9 -1.4 -1.9 
A 14.0 A 12.0 B 16.1 A 10.1 B 18.2 A 9.9 C 14.1 B 10.3 C 

9.4B 12.2 A 14.3 A 7.3 B 13.2A 5.7C 15.4 A 8.9 B 
r, 12.5 A 6.1  B 1.1 B 17.4 A 1.2 C 23.6A 0.99 C 11.2 B 

1.5 A 1 B  1.1 B 1.4 A 1.4 1.7  0.9 1.2 

soil W§, 
of status between 

-1.5 to -2.4 at the end  of the two 
cycles. 

as 
of 1 the 

No and the of photosynthetic  activity as advances  in 
tqeatments WS. On A by 14% (14.0 and 12.0 p0lC02m-~s-' 
as  an N200 and N,,, table the by 37%  (16.1 and 10.1 
pn~olCO~m-~s-'  as an of WW and W§, table 1. 

the analysis  of the of the that 
(46%) (18.2 and 9.9 pn1olCO2m'~s-' 

table 1). 

the analysis 2 and table 2, the 
to evident  of the functionality  of  the 

A on 20% 
due to (1  1.8 and 9.4 p0lC02m-~s-'  as an NZm 
and No, tab. 2) and  by 85% due to (18.5 and 2.7 pm01 C02 m-2s-1 as 

WW and WS, table 2). 

Although the at the WS, this 
is  indicative of the that on the assimilation  capacity  of 
leaf  tissues. 

WS is to to the 
almost  complete  stomata1  closure  upon  measurements  (r?  20 S cm-',  fig. 2); 
explains, as 1, the close  association  between  the 

the in A and Tl. 
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rn 
U 

E 

1 6  

1 2  

8 

4 

u No WW 
* N200 WS 

Q,=-l.25 - 
rs=0.90 

- 
rs=0.57 - 

- 

- 

q,=-2.1 

q,=-2.4 - 
r=== 1 12 

r5=29 - 

- 

(fimol m S ) 
-2 - 1  

2. of net photosynthesis (A) of leaves to 
photosynthetically (PAR). On of each the 

leaf potential and the leaf  diffusive ( of adjacent leaf 
is 

Table 2:Effects  of on  maximum assimilation (A-, pm~lCO~m-~s-'), 
compensation point initial photosynthetic efficiency (E, pmolCO2 

of b (ch2 a+b, mgtd) of 
to  b (chl WB). the lines, the means  followed  by 

significantly each to test  at 
and (small 

N ha-l N 
N200  No ww WS N200WW . N2mWS N,,WW NoWS 

A,, 11.8 A 18.5 A A 
pc 39.8  22.2  11  51.1  11.1  68.6  10.9  33.6 

0.029 0.019 0.019 0.029 0.018 0.041 0.021 0.017 
- .  ch1 a+b 572.4 A 429.1 B 472.3 b 529.2 a 558.7 . 586.2 386.0 472.3 

ch1 d b  3.3  3.5  3.4  3.3  3.3  3.3  3.6  3.4 

The the a 
is, instead, to be to the to 

et al., 1993), in  addition to the 
Eact, as 

the by in NzOO to 
N, (table 2). The phe , 
table 2); this is that at low the 

than or by the to gas exchanges. 
Equally  negligible  was the effect  of  the two the for 
COZ, that to 31 the of a to b 
(table2)  indicating that at the levels  attained  in the the  fbnctionality of the. two 
photosystems  was  not  affected  (Tei et al., 1.c.). 
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As it was to be  expected,  and the a of the 
the (Tl) as 1, WS the 

as the said this caused an 
of 49% of Tl to WW (tab. 1). is to note that because of stomatal 

the the photosynthetic  activity  (34%, table 1) was  less than to 
the in in the leaf'gas exchanges  (Jones, 1976); this 

use 
table l), to the 

in N, to N2w 6.1 and  12.5 cm-', table 1). 

i 

O 
O 

-2 
Tr (mmol S-' ) 

Figure 3. leaf  net  photosynthesis (A) and  leaf  transpiration 
on pepper  subject  ta  the two levels of nitrogen  application &O= 200 kg hä' of N, 

N, O kg ha-' Of 

data in 3, showed 
that, the being the same, the 

turn, an in the use 
that moved 1 .O pm01C02/mm01E320 N, to 

(wuEl, table the it was 
to cause an in W u E l ,  that 1.1 p m 0 1 C 0 2 / ~ 0 ~ ~ 0  of 

WW to 1.4 of WS (tablel). Consequently, the highest 
in N2wWS (1.7 tablel), 

NoWW (0.9 table 1). 

to examine the data collected at the scale (table3),  it is evident that 
the maximum by 56%  (1.6  and 0.7 N2w and 

N, table 3), it by  32% (1.4 and 0.95 in WW and WS, 
table 3). 
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Table 3 : of nitrogen  and  water  stress on the  maximum  leaf  area  index on 
absorbance (Ah.  = on  the total aboveground  dry  matter @".,g mU2), on 
water  use  efficiency on  harvest  index and on marketable 
yield Y., t  ha-'). 

N ha-] N 
N200 ww N200ww N20OWS N O W  NOS 
1.6 A 0.7 1.4 a 0.95 b 1.9 1.3 0.9 0.6 

Abs. 0.50 A 0.30 0.50 A 0.30 0.59 0.4 1 0.4  1 0.20 
446A 235 432 a 249 b 53  1 362 334 137 
1.30 A 0.63 1.18 A 0.95 b 1.70 a 0.60 b 0.66 b 
0.44 0.47 0.53 A 0.38 0.5 1 0.38 0.56 0.39 

C.Y: 20.4 A 25.2 A 9.6 28.0 12.8 22.5 6.4 
the lines, the 

to = 0.01 

As  shown  by the data (Abs. = table 3), this caused a the 
capacity of the to to be used  in the 

the two conditions, 0.50 to 0.30. The fact that 
despite a the leaf 
to the an in was  evident  in  both, is to 
the modified of the WS. 

As it is 4, the of the leaf 
angles,  moving the mode of an angle  of  incidence of about 90" of' 
WW to about 20" of WS; well in those the same 
species  by (1  to the 

this also 
means an advantage  in the use of the the 

conditions compensated  not only by the WUE but 
also by a the of the whole  canopy. 

0.4 

leaf o n g l e  

Figure.4 angle  frequency  distribution  measured on pepper  subject  to 
the two irrigation  regimes 
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by 47% the total (446 and 235 g m-' 
N200 and N, table 3) by 42% (432 and 

249 g m-2 WW and table 3). As it  can  be  noticed,  the as' Jlmilation 
at level at the 

leaf  level,  since  the  effect  of the to the  effect  of  the 
to notice  also that at  the canopy  scale, as 

47% to a 14% A Nzm to N,, 
by 42% to a 37% A moving  fiom WW to WS. This  would  seem to 

indicate that at the level,  the  mechanisms  of  adaptation to 
than  the  adaptation to at to A at 
the leaf  level (table l), the analysis of didn't  show a 
two study (tab!e 3). to 

N2wWW of 531 g m-2, the to 334 g m-2, 
to 362 g and  the  negative  effects  of  the two 

up to 137 g m-2  in N,WS. 

to on WUE that, at level,  was 
by 51% because  of the (1.3 and 0.63 m-3 

and N,, table 3) to a 33% at the  leaf at the 
level WUE by 53% (0.77 mm3 WW 

and WS, tab. 3) to an 27% at the  leaf  level (table 2); 

(1.7 m-3 ET, table 3) the lowest  ones  in the 
(0.6 ET, table 3). 

on 
0.53 in WW to 0.39 WS, table 3), 
and the 

the as 
with the total biomass, as in et al., 1976). 

fact, of 60% in WS 
WW ones  (table 3), total So, although 
in total biomass the to 

the yielding  capacity of this  species. 

in a grown to 
at the to 

identify the ones that play a on 
following  indications: 

0 At the 
affected  photosynthesis  because  of the 

of the in the enzymtic 
the fiom 

to the in 
a in the 

a the to an to 

Cahiers Options V O R W  

CIHEAM - Options Mediterraneennes



0 At the the two the leaf and,  consequently,  the  light 
the the assimilation at the 

the at the leaf level, since the effect  of the 
photosynthetic  capacity  added  up to the effect  of the The 
capacity  of the to to the negative  effects 
of  this the in the to the assimilation 

at the 
to the at the  leaf level. to the 

as the leaf. should  equally  be 
noticed that also the index, the thus 
affecting the good in total biomass. 
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