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Image Diagnosis of Photosynthetic Injuries Induced by Herbicides in Plants

—Analysis of the Effects of Soil-Application Type Urea Herbicide on in situ Cucumber Leaves—
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Abstract

Using a developed chlorophyll (Chl) fluorescence imaging system, the photosynthetic effects
of a commercially available soil-application type urea herbicide on attached Cucumis sativus L.
leaves were analyzed.

Decreases in the stomatal conductance and the assimilation rate caused by the herbicide were
detected with diffusion porometer measurements. However, a decrease in stomatal con-
ductance was smaller than that in assimilation rate.

Photosynthetic injuries caused by the herbicide were detected with the Chl fluorescence
imaging system. The inhibitions of primary electron transport in injured areas were detected
from Chl fluorescence induction (CFI) images (Changes in intensity of Chl fluorescence during
dark-light transition) taken by the CFI method. NPQ (non-photochemical quenching) and
Yield (photosystem II photochemical efficiency) images were calculated from fluorescence
images taken by the saturation pulse method. NPQ was reduced greatly in injured areas and
NPQ images were useful to quantify the photosynthetic injuries. However, Yield was not
reduced as much as the decrease in assimilation rate. This showed that Yield images were not
suitable for diagnosis of the photosynthetic injuries of attached plant leaves caused by the

herbicide.
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1. tHEY

HMRAEWE LT, * 27V (Cucumis sativus L. cv.
Hokushin, &4 8@H) 2HW/z, Fa2v Vi, N—3
FaTA P IN=FTAL I UNEEHE LTI
(viviv) DB R FRHE L 72, BERE 12cm OR Y SR iBE
L, #FEH, =FiR30°C/25°C(Day/Night), & & 50%/
70% (Day/Night), HAHH 10 BFfE, X iZHET > 7
PEAL, EHEICE TS PPF (Photosynthetic Photon
Flux) %3 300 #mol photons m=2s"'D A THEBEEIZB
T, R4BEHEERL:. EAREFRQIER(KENT X
BMAH 1 EAEE) o1, 1H 2E (1 E 100ml)
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v 7 v a vBR (Kautsky 218 © BFHSAT > & B

FETFTABITLIEBEDZ ou 7 4 VENXEE DRRE
b)) 258 2 FHETH Y, FIHEEROHKAEERCE
J 2 EFIEREOBENBARETH 59, —7, @i
VA, BRI SV AN (PSILCH 2L TOHEF
LK Qa B —FFIBETTRB I 3 2 38 E O ) O RS
kb, sxvFvI(ran T 4 VEEERET S
¥ 2 ER OB b ERN 2 =~ F >~ 7 (photochemi-
cal quenching) & FEYAL¥ /)7 = > F > 7 (non-photo-
chemical quenching) 253§ L, BEEIGHET COXER
DIREE 2R+ 5 FHETH 581119,

—EHDFHE, UTOFHETIToRY, FavVES
%9 30 SrFEIREALER U 7- 48, EEHASREE T CRIf SV 2K (R
$HEERE 2 #, PPF 4000 xmol photons m~2s™1) 24T L,
WS Fy B 2EE L. FavVELOFHEESR
37wvua7 4 Vi, PPF 1200 xmol photons m2s~!
DRSS TAIM L 72 72 (Fig. 1), PPF 4000 umol
photons m~2s~! OXEE X PS IID£T D Qa 2 —HEFH
WRITREE T 20+ BETH 2. TOH,
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LOB&EZFrE® H200®8%2FEGKR KNOBE
% Fum B (BIF1 OV R TEHAIL 72 Fr B & 1350,
WongesFrEfHE L, FicFrE&RRZRER A
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Relationship between light intensity and Chl
fluorescence yield from 6 cucumber leaves. Chl
fluorescence yields were measured by MINI-
PAM (WALZ). The vertical bar indicates+SD.

Fig. 1
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2. 1290 avikic & 28T

Fig. 31, A1 v ¥ rvavikick->TEonizray
¥ — AR (Fig. 3-A) ¥ ALE % 48 REEI#@0F (Fig.
3-B)DA %7y s VEBETRT., 23V FT— 4L
BRI, EEEBC A VY 7y a VERBAS
niz, —FH, 23V FI—-2NBEOF, FEE&TII,

A B

Fig.2 Visual images obtained before (A) and 48 hours
after (B) Nekosogiace treatment. There were no
visible injuries after the treatment.

A

Fig.3 Chl fluorescence induction images at character-
istic CFI transient levels (I, D, P, S, M, and T) of
an attached cucumber leaf obtained before (A)
and 48 hours after (B) Nekosogiace treatment.
Gray scale indicates relative Chl fluorescence
intensity.
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Fig.4 CFI transients of an attached cucumber leaf
before (Site-1: O interveinal area) and 48
hours after (Site-2 : [ ; interveinal area, Site-3 :
A ; area located near a large vein) Nekosogiace
treatment.
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3. BRIV RSEIZ & B ERAT

Fig. 51z, fAfl sV g L-> o2V F
— A MR (Fig. 5-A) & LB 1% 48 BF R &2 B 5F (Fig. 5-
BY D # N ER (Fn, F, Fn), NPQ E&, Yield B %
~F., NPQ B LU Yield Eifg+ 0O, OO, AL, Zh
Zh Site-1, 2, 3FERLTWS, F, BETE, BREH
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Fig.5 Chl fluorescence, NPQ, and Yield images of an
attached cucumber leaf obtained before (A) and
48 hours after (B) Nekosogiace treatment. O,
[, and A in NPQ and Yield images represent
Site-1, 2, and 3 labeled in Fig. 4. Gray scales
indicate relative Chl fluorescence intensity, NPQ
value, and Yield value, respectively.
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Table 11z, Site-1~3 @ NPQ ¥ & Of Yield 27~ 7.
FNTNOMEIZ AL DOITME5X5 pixels DFHE L L
72. NPQ &, Site-1® 0.65ZxfL T, Site-2 T 0.36,
Site-3 IZBWTIX0.05 EELLETL T/ —4,
Yield 13, Site-1 T 0.63, Site-2 T 0.61, Site-3 T 0.
40 &£, NPQ IZHNTETERINE o Tz,
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Table 1 NPQ and Yield values in Site-1 (O in Fig. 5), Site-2 (J in Fig. 5),
and Site-3 (A in Fig.5). Values are means of 5X5 pixels +SD.

Site-1 Site-2 Site-3
NPQ 0.65+0.04 0.36+0.05 0.05+0.02
Yield 0.63+0.07 0.61+0. 05 0.40%£0.07

Table 2

Stomatal conductance and assimilation rate before and 48hours

after Nekosogiace treatment. Values are means of 6 leaves +SE.

Time after the commencement of herbicide feeding

Stomatal conductance
(mmol m~2%s7?)
Assimilation rate
(zmol CO,;m™2s7)

0 hour 48 hour
183.3+8.3 155.1£19.0
12.8+0.3 3.8t 1.1
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