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A Laboratory Method for Monitoring

Net Photosynthesis in Leaf Segments
under Controiled Water Stress Experiments
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Abstract

|

[,
“A method for monitoring net photosynthiesis (Py) in leal sepmients by sensing oxveen evolution
" with a polarographic oxygen electrode ina closed system is described, Carhon diovide is supplicd
by a carbonate-bicarbonate butler as cmployedin Warburp manometry, The mcthod incorporales
an option for relative humidity (RIF) contio) using satutated salt solutions and o B4 seising
device fin maintaining a standard atiospheric water strees on the lead ot the b of pasarement,
~ Experiments revealed that sofphum (Serchim spy varicties ditend in Py atbath gt and low
leaf water stress as ohtained by varying “, K11, Sorphum was foued to e redoced Py ot deaf
water potential below ubout - S 1o 6 bar, The ettect of RIF on 'y vates was dependent on
incident irraditnee,
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MATERIALS AND METHODS

Instrumental

The c1osed SYSICs e vge = s oooem eeee oo e 01 °C) plexiglass water
bath, excluding the pump and flow meter, Air circulated by the pump passed through the following
components: a carbonate-bicarbonate bufler solution provided a constant concentration of CO,
(Umprelt, Burris and Staviiie 1964); a saturated salt solution (OurirN 1948, MEILES 1963)
served 1o control humidity of air flowing into the leaf chamber; a trap ceil served to trap any
carry-over of salt solution; a relative humidity sensor connccted to a R indicator; leaf chamber;
oxygen electrode; and back to pump. All tubings in the system were 1-56 mm 1. D. copper tubes
with tygon tube scctions as connectors.
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The leaf chamber was made of clear plexiglass (Fig, 1 - insert). Two leal sections, measuring
2 5 8 cmeach, were inserted vertically with their base (2 mn dipped in deionized water. Deion-
ized water was always injected through the stoppeted side arm, thus avoiding wetting of the cell
walls or upper parts of the Jeaves. The side arm served aiso to replenish water during a long
experiment, without having the chamber and its tubings disasserabied, Sinee sorgham leal sections
were slightly curved, they never adhered 1o the chamber's wails, and o free i passage was feasible
over hoth feat surfaces. A deaf holding frame eay e necesaary Toi sonee feaves in order to assure
free air circulation,

The oxygen electrode cell had arelanvely sl volume 15 7em’Yy and the moonung air
streaim was directed towards the clarode’s tpe A Beckhman 39350 pobaroardpne on gen sensor
was usad in contunction warh the el onvecn analoser The dectiode uses a Bgquid it
bridge and is covered with il tethon die mondbiane, 1wy fonnd it o faver of electialyse
gel (Beckman Noo J0438) under the membrane, and use of a Liser tTon e biane (Bechnmm
No. 770458) Tacnrate the v of the cectiode i vas, Nialyser output was recerdad with a L &
SAzar” stop chart poteationatar haang an expanded Hange provisson, Proviousis, the eledtrode
tip had been imnccdon watcn aod the ncoming an strean was bubnled and coved (nagnetiy
stirrer) an the swater, This ncthiod voas ey satie gy sitiow a0 Cconstant wat e s Peguare d,
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LEAF SEGMENT METHOD
’

10 a ditferent RI1. a 10 min cquilibration period was allowed before measuring. A reductionin RH
from 90 to $1", took about 510 min with a fresh salt solution.

It was found thai CO,-butler solution lost activity in I—2 d, so a new mixture from carbonate
and bicarbonate stock solutions was made and changed on cach experinient run,

Calibration to P rates as pl h™tem™? of oxvgen imvolved calibration of the clectrode with

purc onygpen

gases (0, 09, 1-0 and 107, oxygen) ata tlow rate of 1:35 T min”~ b and the determina-

tion of system air votumie and leaf seements arca, This flow rate was naintained in all experiments,

Watcer potential of the Teaf segments, after being subjected toa cortain R stress, was deter-

. . N M .
mined dircetly atier completing the measutements, Foar T-em® samples from cach teaf segment

were placed in o psychrometer cups A “Spunuer™ type thermocouple psychrometer, patterned

,aflcr Box (19654, b), was used.

Plant material used i all espenimenty was sainpled from plants, 3050 4 after emergence,
The top fully expandad feaves were sampled, excluding the mudrib. Plants sampled for experiments
“presented in Fig. 2 were grown i the growth chamber (200 C day, 25°C night, 70 - 8¢, RH and
010 ueinstein cm ™ < 7 T iaandent irradiance). In all other eaperiments field grown irrigated plants

were utilized.

RESULIS AND DISCUSSION
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in RS-610, Py was reduced to 26-375 and 8:4%5 of maximum rates, in M-35-1 and RS-610, res-
pectively., At low irradiance, relative diTerences were also prominent, where Py at 51° RIH was
reduced to 73-67; and 20-6"; of masimum rates, in M-35-1 and RS-610. respectively, It was
thercfore evident that, irrespective of irradiance, M-35-1 variety was superior, both absolutely
and relatively, over RS-610, in NP rates under water stress. When the pereent reductions in NP
with low R/I stiess are compared between the two light regimes, it can be seen that high incident
irradiance intensifics the etfect of R strews on Ly, reduction.

Py was determined (@t 30 Cy at two leseds of BRI (or saturation dencity stress in several
sorghum varicties, cach representing aditierent varictal goonp, fe, Durn, Shaila, Hepard, Fetenita,
Milo (Tabie 1), Although at least six determinations were mende i cadh Valicty, CHror vatanee was
still fairly high. Still, it was found that varictics differed sivmitcanthv o Pyees et hodoand tow R,
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of hyuration 11 spate of tae low RI4. Thew
are vuly indicationy which should be verified
with futther eaperimwnty,
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LEAF SEGMENT METHOD

Table )

Effect of ° R/{ tor saturation deficit) on oxygen evolution in five sorghum varieties (20 min
in each RIZ, temperature of 30°C and irradiance of 0-14 peinstein em™2s7h),

Oxygen evolution [pl htem™?)
at R

] 90 -3 38 =3 38 as°, Leaf water potential
Varicty and air saturation deticit of 50 [bar = S.E}*
{mbar]
424 014 26:30 - 334

Dwarfl White Durra 799 167 58 — 60 = 25
Shallu 1193 297 2 —72-26
Hegari 1820 132:0 73 —113 = 41
Feterita 121:2 44-8 kY —148 =30
Dwarfl Yellow Milo 8)0 452 55 — 5011
LSD. (p =008 524 328 ' )

- P T L R -

® Deternuned alter measarement at 38%, RH,
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