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Phytotoxic Responses of Corn and Cucumber to
Sub-lethal Rate of 2, 4-D
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Abstract

2,4-D is commonly used for weed control of sugarcane in Taiwan. Spraying
under unfavorable field conditions often resulted in drifting and injury of crops in
farmland bordering the plantation. Simple and sensitive methods for detecting of
responsible agent are very useful in the diagnosis of phytotoxicity of non-target
plants. In this study, we used immunochemical assay for the quantitative detection
of 2,4-D in corn and cucumber. Characteristic symptoms, agronomic parameters,
and changes of chlorophyll fluorescence were also investigated. Sub-lethal level
of 2.4-D was sprayed over-top to potted plants at 2-3 leaf stage. Symptoms
appeared on the youngest fully-expended leaves of cucumber after 2,4-D spraying
with 120 g ha. At this rate, 2.4-D resulted in 22-60% of phytotoxicity on
cucumber at 15 days after application, and changes on the chlorophyll
fluorescence of cucumber leaves with a slight increase in Fo values and reduction
in Fv/Fm and Fm/Fo values. Corn was lightly injured by 240 g ha™ of 2,4-D
and recovered growth rapidly. At 15 days after application, 0.74 + 0.06 ug gfwt !
of 2.4-D was detected in corn. And residue detection in cucumber was 1.25 + 0.07
ug gfwt "' at 30 days after application. The sensitive and specific immunoassay
provided additional information on proper diagnosis of 2,4-D injury to crops.

Key words: corn, cucumber, 2.4-D, phytotoxicity, chlorophyll fluorescence,
residual analysis, immunoassay.
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Table 1. The phytotoxicity and symptoms of corn and cucumber plants after 2,4-D

application.
Days after Symptoms Phytotoxicity**
Crops application of phytotoxicity (%)
Cucumber
0 Ist and 2nd leaf on main stem wilting 5
3 Ist and 2nd leaf on main stem wilting 20
6 1st and 2nd leaf on main stem wilting 30
9 3rd and 4th leaf on main stem twist and crinkle 40
12 3rd and 4th leaf on main stem twist and crinkle 30
15 3rd and 4th leaf on main stem twist and crinkle, 20
leaf size reduction
18 Lower nodes swelling slightly 15
21 New leaves (5 or more leaves on main stem) 5
growth normal
24 New leaves (5 or more leaves on main stem) 5
growth normal
27 New leaves (5 or more leaves on main stem) 5
growth normal
30 New leaves (5 or more leaves on main stem) 5
growth normal
Corn
0 normal 0
3 normal 0
6 normal 0
9 normal 0
12 normal 0
15 normal 0
18 normal 0
21 normal 0
24 normal 0
27 normal 0
30 normal 0

= MR R T A 120gha’ 0 £k A 240gha’
0 REFA AR B4R v/ R IRAT -
(2,4-D was applied at 120 g ha'to cucumber plants and 240 g ha''to corn plants; the
first sampling time was 4 hours after 2,4-D application.)
HREREUHEB LG TSNS EHRZ AL
(Visual injury rating; 0: no injury, 100: complete destruction. )
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Fig.1. Effect of 2,4-D on the plant height, leaf number, and fresh weight of
cucumber and corn plants.
(2,4-D was applied at 120g ha to cucumber, and 240g ha™' to corn.)
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Fig. 2. Changes in the values of FO, Fv / Fm, and Fm / FO with 2,4-D
application for cucumber plants.
(Left: 2nd true leaf on main stem; Right: 3rd true leaf on main stem.)
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Table 2. 2,4-D residues in cucumber and corn detected by a magnetic particle

-based ELISA.
Days after Residual level(pug gfwt )

Crops application Control 2.,4-D treated

Cucumber
0 0.30+0.03 6.61 +0.23
3 0.29 £ 0.02 6.15+0.33
6 0.26 = 0.01 6.66 + 0.41
9 0.43 +0.02 6.22+£0.24
12 0.37+0.02 6.23 £ 0.36
15 0.21 £0.01 2.61+£0.11
18 0.42+0.02 299+0.19
21 0.50+0.02 2.35+£0.16
24 0.48 £ 0.03 1.85+0.10
27 0.29 + 0.01 1.18 £0.09
30 0.32+0.03 1.25+0.07

Com
0 0.14+£0.01 7.64 +0.51
3 0.14 +0.02 3.95+£0.21
6 0.12+0.01 1.05£0.09
9 0.09+£0.01 0.92 +0.09
12 0.11 £ 0.01 1.02 £ 0.08
15 0.12+0.01 0.74 £ 0.06
18 0.12+0.01 0.37+0.02
21 0.08 + 0.01 0.16 £0.01
24 0.09+0.01 0.08 = 0.01
27 0.10 £ 0.01 0.08 £ 0.01
30 0.09+0.01 0.08 £0.01

o m— e EEHE  HAE 120gha’ c 2K A 240gha’ 1 0 RIHEA
R E v NEFIAT o
(2,4-D was applied at 120 g ha'to cucumber plants and 240 g ha™'to corn plants; the
first sampling time was 4 hours after 2,4-D application.)
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Table 3. The comparison of phytotoxicity degree, leaf chlorophyll fluorescence
determination and residual level in cucumber and corn plants induced by
2.4-D after 15 and 30 days application.
15 days after application 30 days after application

Crops Items Treatment Check Ratio* Treatment Check Ratio
Cucumber
Plant height(cm) 15.9 253 0.63 46.9 58.8 0.80
Leaf number 5.1 6.5 0.78 9.0 9.1 0.99
Fresh weight(g) 6.5 16.2 040 21.1 33.0 0.64
Chlorophyll
fluorescence

Fo 738 689 1.07 651 641 1.02
Fv/Fm 0.77 0.82 094 0.77 0.78 0.99

Fm/Fo 4.8 52 092 48 49 0.98

Residual level 2.61 021 124 1.25 0.32 3.91
(nggfwt ™)

Corn

Plant height(cm) 51.8 51.5 1.01 75.9 754 1.01

Leaf number 8.3 85 098 13.0 13.1  0.99

Fresh weight(g) 21.5 26.7 0.81 49.2 48.5 1.01

Chlorophyll

fluorescence

Fo 620 619 1.0 611 613 1.0

Fv/Fm 0.81 0.80 0.99 0.81 080 0.99

Fm/Fo 5.1 50  1.02 4.9 49 1.0

Residual level 0.74 0.12 6.2 0.08 0.09 0.89

(nggfwt ™

*thfd C REZME/HRME -

Ratio: values of treatment/values of check.

#ayEaas R BddB R MERERRA > LALL
BRI R ARRAE - BT £ R BE R PR
BEBAMBRNOATLESR - sbs RaPID o B@a Bt il £
# 47 % X R M (cross reactivities) 8 - SLH A ML S 5 o= > W—
W3k B 84 2,4-DB, MCPA, MCPB, triclopyr ¥ i 2 R 2 K * 12 81L&
HMTHRAHZREANMTRAAF ARG ER o= w302 005
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