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Introduction

Chemical pesticides are frequently applied to crop plants that are already under environmental
stress. In fact, the pesticide application process itself may be the cause of additional plant stress.
Thus, crop plants are often subjected to two or more stress factors simultaneously, the
combination of which may result in a different level of physiological response than that caused
by individual stress factors alone. The effects of these combined stresses are often subtle in
nature and may go unobserved until visual symptoms appear. Consequently, the direct
measurement of some sensitive physiological processes such as photosynthesis (Pn) may be the
best and earliest means of detecting potential plant injury.

Many of the early pesticides used in agriculture reduced growth and yield of the very crop plants
they were designed to protect. These effects have been reviewed for many of the older sulfur,
copper, and oil formulations as well as some of the newer organic materials (2, 8, 9). Other
chemicals such as antitranspirants (29), growth regulators (11, 24), and spray adjuvants (15) can
also influence Pn and transpiration (E). Insects and mites (16), foliar and vascular diseases (7,
20, 25, 28), air pollutants (3, 19, 22, 23), and foliar injury (16) as well as physical stress (13)
have been shown to cause changes in Pn and E of numerous woody species.

Ferree and Hall (12) looked at the interactions of water stress and mites on potted apple trees and
found that both mites and moisture stress reduced Pn and leaf water potential. Soil moisture
stress reduced E, while mites increased it. There was no information between changed
physiology of the leaf due to soil water stress and mite feeding as reflected in Pn and E
measurements. Data from other studies (14), involving the interaction of mites with either
scoring or shade, indicated that the influence of mites on Pn was independent of other stress
factors, while the effect on E varied. In studies with containerized sweetgum seedlings, Roberts
(21) reported no significant interaction between air pollution (sulfur dioxide) and drought on
either Pn or stomatal conductance. But in similar experiments with potted red spruce, Roberts
and Cannon (23) noted a greater impact of the combination of air pollution and drought on water
relations (xylem water potential) than when either stress factor occurred singly. Cannon and
Roberts (3) reported an important interaction involving the stomatal physiology of young yellow-
poplar seedlings exposed to low levels of ozone and short periods of plant-moisture stress.

Very few studies have evaluated the impact of the new, more refined protective chemical
formulations on host-plant physiology. The present series of nine studies was designed to
evaluate some of the newer sulfur compounds and oil formulations that are proposed for use in
the production of organic produce.

Materials and Methods



Common Procedures

MM.106 and MM.111 (Study V) apple rootstocks were planted in a medium containing equal
volumes of Wooster silt loam soil, peat, and perlite and grown in a greenhouse. Trees were cut
off 10 cm above the soil line, trained to a single shoot, and fertilized every three weeks with a
liquid fertilizer (20-20-20) in place of the normal watering. When the trees reached a height of
40-50 cm, the chemical treatments described with each experiment were applied using either a
CO2-pressurized sprayer (Study I, 11, 11, V, VI) or a hand atomizer (Study 1V, VII, VIII, IX) to
thoroughly wet all the leaves on each plant. When systemic pesticides were used, the pots were
covered with a plastic bag to avoid possible absorption by the roots.

Measurements of Pn and E were made using a portable gas analyzer (Analytical Development
Corp., LCA-2) with an air supply unit and a Parkinson leaf chamber (6.25 cm?). The inlet to
supply air to the analyzer originated outside the greenhouse to avoid uneven CO, levels in the
compartment, and air flow was maintained at 300 ml/min. Trees were placed under a 400 W
metal arc lamp suspended above the greenhouse bench to ensure saturating light levels above
800 mmol/m/s. When whole seedlings were treated, measurements of Pn and E were made on a
recently fully expanded leaf, usually the sixth to eighth from the terminal end of the shoot at the
time of treatment. Normally six single-tree replications were used in a randomized block design.
Deviations from this protocol are mentioned in the description of each individual study.

Study |

On June 1, 1990, the materials and rates shown in Table 1 were applied. Pn and E were measured
the day of application and 4, 11, 20, 27, and 45 days following application. Phytotoxicity
appeared as translucent areas on the leaves and was rated visually on July 17, 1990, using a scale
of 1 = no injury to 10 = severe injury. In addition to the degree of injury, the number of leaves
showing symptoms and the number of leaves that had abscised were counted. The sixth leaf from
the terminal end appeared fully expanded at the time of treatment and was used to measure Pn
and E. At the conclusion of the study, the average leaf area of the six leaves above the
measurement leaf was determined to evaluate the effect of treatment on developing leaf area
expansion.

Table 1. Influence of Sprays of Oil and Sulfur Formations and Adjuvants on
Leaf Injury and Leaf Expansion of MM.106 Apple Trees. Study I.

Leaf Injury Leaf Area (cm)?

Leaves with Average Leaf
Treatment Rate/L Symptoms Severity” | Test Leaf 1-6 Ratio
Control -- 0.0’ 10c 42.7 a 44.8 a 1.1a
Safer Soap 20.0 mi 0.1b 11c 47.6 a 46.3 a 0.9ab
70 Sec Qil 2.5 ml 6.0a 6.0a 45.7 a 24.8¢c 06¢C
6E QOil 2.5 ml 56a 45b 42.3 a 31.0b 0.8 bc
Sulfur 96WP 4.8¢ 0.3b l1lc 43.1a 46.7 a lla

MicroSulfur 6.0g 0.0b 10c 315D 34.1bc l1la



X100 1.3 ml 0.8b 15¢c 36.7 a 40.7 ab 15a

AG98 2.5 ml 0.6b 11lc 43.0a 38.6 ab 0.9ab

? Rating scale: 1 = no injury to 10 = severe injury.
Y Mean separation by Duncan's multiple range test (P = 0.05).

Study 11

The pesticide treatments listed here were applied on June 21, 1990: (1) Control, sprayed with
distilled water; (2) Microsulfur 80%, 6 g/l.; (3) Safer soap, 2 ml/l.; (4) Combination of 2 and 3;
(5) Omite 6E, 0.8 ml/l.; (6) Combination of 3 and 5; (7) Vendex, 0.62 ml/l.; (8) Combination of 3
and 7. The carrier for all sprays was distilled water, and combination sprays were tank-mixed
before application.

Study 111

The miticides listed here were applied three times to the same trees on June 22, June 29, and July
6, 1990: Control, sprayed with water; Omite WP, 1.5 g/l.; Omite 6E, 0.8 ml/l.; Kelthane 35 WP,
1.3 g/l.; Kelthane 50WP, 0.9 g/l.; Vendex 4L, 0.62 ml/l.; Guthion 3E, 0.9 ml/Il.; and Guthion WP,
0.85 gll.

Study 1V

‘Red Prince Delicious' apple trees on MM.111 rootstocks were trained to single shoots as
previously described. In each of three experiments, six leaves in the center of a 20-leaf plant
were randomly assigned a pesticide treatment applied to wetness with a hand atomizer. The leaf
receiving the spray was shielded from other leaves on the same plant. The materials used and the
application dates are shown in Table 2. Each treatment was replicated six times.

Table 2. Influence of Pesticides Applied to Single Leaves on 'Red prince
Delicious'/MM. 111 Greenhouse-Grown Apple Trees Study IV.

May 29 June 13 July 12 July 27

Trial Rate (ml/L) = Pn E Pn E Pn E Pn E
Experiment 1"

Control -- 16.5a" |82a 7.5a 46a | 3.2 44a 100 74a
Prime Qil 5.0 14.4b 75bc 57b 32cd 35 |4la 101 72a
Prime Oil Il 125 119c¢ [ 70c 43c (24d 33 31b 80 58b
Plex 5.0 148b 7.7ab 74a 44ab 35 3.7ab 94 73a
Activate Plus 5.0 143b 74bc 69a 38bc 3.6 3.8ab| 95 6.8ab
Omite 6E 1.6 158ab  82a 54b 3lcd 39 |4l1a 93 63ab
Experiment 2"

Control -- 164a | 96 109a | 7.3a 42ab 50a 10.7ab 93a

Kinetic 5.0 145b | 89 68b 50d 33b 41b | 89c 80D



Triton CS-7 25 152ab| 92 1 94a |64ab|46ab|50a | 119a |9.7a

X-77 5.0 143b 9.1 | 93a 6.2bc 4.4ab 4.8ab 10.7ab 89a
Bond 1.2 154ab 9.1 10.0a 7.1a 3.6b 49a 99bc 92a
Omite 6E 1.6 149b 90 | 78b 54cd 54a 52a 91c 7.8b
Experiment 3'

Control - 116c 83a 1l.1a 6.6a 4.0ab 4.4 75 7.8a
Nufilm 17 0.6 135a 87a 11.0a 6.4a 40ab| 45 70 6.8ab
Penetraber 0.3 119bc 85a 10.2a 6.1a 45ab| 4.4 80 |75a
Induce 2.5 9.7d 73b 10.7b 6.6a 38b | 43 85 |76a
Nufilm P 0.3 13.2ab 88b 10.8a 6.5a 49ab 4.7 87 ' 75a
Omite 6E 1.6 11.0cd 82a 7.8b 47b 52a | 46 75 164D

? Treatments applied three times to six replicate trees with all treatments randomized on leaves of each tree (1991).
Y Pn = mmol CO, m?st.

XE =mgH,0 m%™,

" Experiment | application dates: 5/15, 5/29, 6/13.

" Mean separation by Duncan's multiple range test (P = 0.05). Within experiments, values without letters are not
significantly different.

“ Experiment 2 application dates: 5/15, 5/29, 6/13.

' Experiment 3 application dates: 5/21, 5/30, 6/11.

Study V

Fruiting 'Starkrimson Delicious'/MM.106 apple trees in containers were sprayed to wetness with
a CO,- pressurized sprayer on May 15, 1991. Prime oil at 300 ml/l was combined with either 2.4,
4.8, or 7.2 g/l of microsulfur and treated plants were compared with untreated controls. Fruit size
and shape were measured on each of 10 fruits per tree. Pn and E were also measured. Each
treatment was replicated six times.

Study VI

Fruiting trees of 'Golden Delicious'/MM.106 in containers were sprayed weekly beginning May
15, 1991, with three applications of Safer soap, 20 ml/I; microsulfur, 6.0 g/l; or a combination of
the two materials. Treated trees were compared to untreated controls. The diameter of 10 fruits
on each tree was measured weekly. Pn and E were measured on a spur leaf of a fruiting spur
beginning after the three applications had been made.

Table 3. Influence of Microsulfur and prime oil 11 on Net Photosynthesis and
Transpiration of 'Starkrimson Delicious' Greenhouse-Grown Apple Trees. Study
V.

Fruit Diameter
(cm)
Treatment’ Rate ' Pn’  E* Pn E |Pn | E  May- | June- L/D Wt.

May 29 | June 13 | July 11



(g/L) June July Fruit (g)
83 |85 15 81 0.83

Control -- 88a86a 19a 15 173
aw | ab | b a ab

Microsulfur 2.4 7.7a 9.6a 5.3 /4659 16.1 1.6ab 1.2 0.84 138

a b ab | ab ab
Microsulfur 48 |3.7b %CG 2{;‘7 259 26b29b| 1.6ab 1.1 10.82b 131
) 3.3 /35

Microsulfur 72 1|3.8b|59c b 3.3b39b| 15b 12 10.86a 139

Z Prime Qil, 300ml/l combined with each microsulfur treatment applied weekly beginning may 15, for three

applications.

Y Pn = mmol CO, m2st.

XE =mgH,0 m%™.

" Mean separation by Duncan's multiple range test (P = 0.05). Within experiments, values without letters are not
significantly different.

Table 4. Influence of Three Weekly Whole-Tree Pesticide Sprays on Net
Photosynthesis and Transpiration of ‘Golden Delicious' Greenhouse-Grown
Apple Trees. Study VI.

Fruit Diameter

May 29 June 13 | July 11 (cm)

Treatment g ?Itj P  E*  Pn |E Pn E '\\]/Iuan)g JJuur:f/- Fr\L/J\i/tt.(g)

Control L B3 L 174001 139 98 218 | 174 | 201
aw a

SaferSoap (SS) | 20ml 148a 10° 83c 81 126 98 213 170 | 209

wggosu'f”r 69 158b 123 111a 93 12694 205 166 @ 195

SS + MS ZOGE” 122b 97b 100b 82 117 90 204 & 159 | 181

? Treatments applied weekly beginning May 15, for three applications.

Y Pn = mmol CO, m2st.

*E =mg H,0 m%s™.

" Mean separation by Duncan's multiple range test (P = 0.05). Within experiments, values without letters are not
significantly different.

Table 5. Influence of Various Fungicides Applied as Two Foliar Sprays on Net
Photosynthesis and Transpiration of Potted MM.106 Apple Trees. Study VII.

Pn’ E*
Treatment” Rate/L | 6/22 | 6/26 | 6/28 | 7/2 6/22 6/26 6/28 | 7/2



Control -~ 109 | 94 90 | 108 8.6ab, 85ab  51ab |87

Benomyl 349 121 9.7 85 | 114  89a | 84ab | 42c |85
Banner 0.6 ml 111 8.8 82 | 125 | 89a 78b | 46abc 9.0
Alliette 11.2 g 119 | 86 85 | 119 94a 8lab 49abc 95
Alliette 22.4¢ 106 | 9.9 80 | 125 | 89a 89a 45abc 9.6
Rovral 2.6 mi 100 1102 79 | 114  79b |85ab | 44bc |88
Ridomil 0.5ml 11.2 | 89 8.3 1.9 9.0a | 83ab 53a |92

, Sprays applied with hand atomizer to drip on six replicate trees each on June 22 (measurement two hours after
spray) and repeated on June 28.

Y Pn = mmol CO, m?st.

*E =mg H,0 m%s™.,

" Mean separation by Duncan's multiple range test (P = 0.05). Values within experiments, values without letters are
not significantly different.

Table 6. Influence of Various Insecticides Applied as Two Foliar Sprays on Net
Photosynthesis and Transpiration of Potted Apple Trees. Study VII.

PnY E*
Treatment’ Rate/L 6/22 6/26 712 6/22 6/26 | 712
Control -- 115 12.9 11.4 ay 9.0Db 8.8 8.0
Superior 6E Oil 1.2 11.8 12.4 85D 9.2ab 8.9 7.0
Superior 6E Oil 2.4 11.7 12.9 9.8ab 9.6 ab 8.9 7.8
Superior 6E Oil 5.0 11.1 115 8.2b 9.2ab 8.6 7.1
Safer Soap 1.2 12.1 11.8 8.7Db 9.7ab 8.4 6.9
CS-7 2.4 11.7 12.9 8.3b 9.3ab 9.2 7.1
Prime QOil 2.4 12.6 13.1 8.7b 99a 8.9 9.2

. Sprays applied with hand atomizer to drip on six replicate trees each on June 21 and repeated on June 28.

Y Pn = mmol CO, m2st.

*E =mg H,0 m?%s™.

" Mean separation by Duncan's multiple range test (P = 0.05). Values within experiments, values without letters are
not significantly different.

Study VII

In 1993, a number of fungicides (see Table 5 for materials and rates) and insecticides (see Table
6 for materials and rates) were evaluated for their effects on Pn and E with the intent of selecting
a material to interact with water-stressed and unstressed (control) plants (see Table 7 for
materials and rates). All plants were well watered until July 8, 1993, when pesticides were
applied with a hand atomizer to thoroughly wet the leaves of whole trees. Trees were not watered
following treatment, and Pn and E were measured two hours, one day, and six days after
pesticide application. Xylem water potential was measured six days after treatment (26).



Treatments were arranged in a split-plot design with water stress as the whole plot and pesticide
treatment as the split-plot with eight single-tree replications.

Table 7. Influence of Soil-Moiture Stress and Foliar Pesticide Sprays on Net
Photosynthesis, Transpiration, and Water Potential of Potted MM.106 Apple
Trees. Study VII.

Pn? EY Xylem Water
Effect Rate/L | 6/22 | 6/26 @ 7/2 | 6/22 | 6/26 | 7/2 | Potential (Mpa)
Moisture Stress*
Control - -- 13.3 114 - 10.6 | 8.7 -0.56
Stress - -- 10.1 64 - 72 45 -1.65
Pesticide
Control -- 14.1a% | 123 | 9.3 156a" | 9.3 6.7 -1.00 a
Superior Qil 25ml |120ab | 120 | 9.0 | 13.1b 8.7 6.6 -1.22 b
Alliette 2249 9.7b 109 | 84 |123b 87 65 -1.10 ab
F Significance
Stress -- FxV | e -- NS | NS *x
Pesticide *k NS | NS * NS | NS NS
Stress x Pesticide - NS | ** NS NS | NS NS

, Pn =mmol CO, m%™.

YE =mgH,0 m%™,

* Well watered until day of pesticide treatment.

" Mean separation by Duncan's multiple range test (P = 0.05). Values within columns without letters are not
significantly different.

Y NS, *, ** = nonsignificant, or significant at P ""e 0.05 or 0.01, respectively.

Table 8. Influence of Selected Pesticides on Net Photosynthesis, Transpiration,
and Water Potential on MM.106 Apple Trees Subjected to a Soil Moisture Stress
Following Pesticide Applications. Study VIII.

Xylem
Water Pn” on Days Folowing EY on Days Folowing
Potential Treatment Treatment
(MPa)*
Effect Rate/L 1 8 10 15 |22 1 8 |10 |15 | 22
Moisture Stress
Level
Nonstress - 1250 (106 129 107 128198 415, 41776 49
a a a a |a  a

Stress ~- -212a 106 128 6.2b 109 7.0 46 6.3 29 6.3 3.0



Treatments

Control - 167ab 106 129 88 124 82 ‘;5 6.1 40 7.0 3.9
Alliette 569 = -1.62a 109 122 85 114 87 458 6.2 40 68 40
Alliette 1129 = -1.77b 108 137 84 118 84 ‘;E 6.3 40 6.7 3.9
Alliette 224qg | -173ab 106 132 83 117 7.8 ‘;g 63 39 69 3.9
Superior Oil 12ml | -165 102 214 81 120 9.0 453 6.3 39 7.2 40
F Significance

Treatment NS NS NS | NS | NS | NS NS NS NS NS NS
Stress x NS NS NS NS NS | NS |NS NS NS | NS | NS
Treatment

, Pn=mmol CO, m%™.

YE =mgH,0 m3™,

* Measured 22 days following treatment.

" Mean separation by Duncan's multiple range test (P = 0.05). Values within columns without letters are not
significantly different.

VNS, *, ** = nonsignificant, or significant at P ""e 0.05 or 0.01, respectively.

Study VIII

Pesticide sprays (materials listed in Table 8) were applied April 11 and again on April 18, 1994.
Following the April 18 application, water was withheld from half the seedlings, while the other
half were watered as needed. As soon as some of the trees in the water-stressed treatment
exhibited slight wilting, all trees in this treatment received 100 ml of water. This sequence was
repeated until the study ended. Measurements of Pn and E began April 12, one day after the
initial pesticide treatment, and were repeated 8, 10, 15, and 22 days after the initial treatment.
The latter three treatments (10, 15, and 22 days) were made after initiation of water stress.
Treatments were arranged as a 2 x 5 factorial in a randomized complete block design with six
single-tree replications.

Study IX

In a second 1994 study, water was withheld from half the plants beginning April 11, with the
remaining plants well watered. On April 16 several of the stressed seedlings exhibited wilted
foliage, and all stressed plants received 100 ml water per pot. This procedure was repeated over
the duration of the experiment as the stressed plants exhibited wilting. On April 18 most of the
water-stressed plants exhibited signs of wilt, and the same pesticides used in Study VIII were



applied again. Pesticide treatment was repeated a second time seven days later. Xylem water

potential was measured as previously described. Treatments were arranged in a 2 x 5 factorial,
randomized block design with six single-tree replications.

Results

Study |

Superior (70 sec) oil caused an immediate reduction in both Pn and E. The effect lasted for 11
days with E and for the entire 45 days with Pn (Figure 1). The 6E formulation of oil first reduced
Pn four days after application and the effect persisted. Safer soap and the two formulations of
sulfur first caused a reduction in Pn and E 11 days after application, and the effect persisted for
the duration of the study. Leaf injury symptoms were apparent 11 days after application for both
oil formulations, and these materials, along with microsulfur, resulted in a reduction in size of
newly formed leaves (Table 1). The surfactants X100 and AG98 had no effect on Pn or E.
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Figure 1. Influence of oil and sulfur
formulations and adjuvants on net
photosynthesis (A) and transpiration (B) of
greenhouse-grown MM.106 apple trees. Each
value is the average of six observations. Study

Figure 2. Influence of various pesticides
combined with Safer soap on net
photosynthesis (A) and transpiration (B) of
greenhouse-grown MM.106 apple trees.
Each value is the average of six



l. observations. Study I1.

Study 11

Promoted as an acceptable "organic" insecticidal material, Safer soap had no effect alone on Pn
and E, but it appeared to interact with other materials (Figure 2). A foliar spray of microsulfur
reduced Pn and E, but a greater reduction occurred when it was combined with Safer soap. Omite
6E reduced Pn and E on two of the six measurement dates and combining with Safer soap made
no difference in performance. Vendex had no effect on Pn or E when applied alone or when
combined with Safer soap.

Study 111
Pn and E were not affected by three weekly applications of miticides except for Omite 6E, which
reduced both (Figure 3). The wettable powder formulation of Omite reduced Pn when measured

immediately after the second application (seven days), but neither material had an influence at
subsequent dates.
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Figure 1. Influence of miticide formulations
on net photosynthesis (A) and transpiration
(B) of greenhouse-grown MM.106 apple



trees. Each value is the average of six
observations. Study I11.

Study 1V

The three experiments using three applications to single leaves of 'Delicious' trees confirmed that
oil, this time as two formulations of Prime Qil, caused a reduction in Pn and E (Table 2). Omite
6E also generally caused reductions in Pn and E. Of the wide range of surfactants tested, Plex,
Activate Plus, X-77, and Induce caused slight short-term reductions, while Nufilm 17 and
Nufilm P caused short-term increases in Pn and E. The effect of Activate Plus on E persisted for
the duration of the study.

Study V

Since it is often necessary to apply both a fungicide and an insecticide to produce quality fruit,
the combination of microsulfur and Prime oil 1l was repeated three times, as might be required in
an "organic” regime (Table 3). The low rate (2.4 g/l) of microsulfur combined with Prime oil 11
had no effect on Pn or E; however, the high rates of microsulfur (4.8 and 7.2 g/l) consistently
reduced Pn and E. Very low rates of Pn were measured on June 13, and results appeared
abnormal, while results of E were consistent with the other measurement dates. The highest rate
of microsulfur and Prime oil 11 reduced early season fruit growth.

Study VI

Measurement of Pn on the spur leaf following three applications shows that the combination of
Safer soap and microsulfur reduced Pn and E with no effect of either material alone (Table 4). Pn
was still affected two weeks later with Safer soap alone also causing a reduction. Six weeks after
the last spray no effect on Pn or E was noted, and no significant effect of fruit growth was
observed.

Study VII

Two applications of various fungicides had little effect on Pn, but Rovral tended to decrease E.
Banner and Benomyl had some effect on single dates (Table 5). Although a single spray of
various oil formulations had no effect on Pn, two applications of superior oil, Safer soap, CS-7,
or Prime oil reduced Pn for four days following the second application (Table 6). Well-watered
trees were sprayed with superior oil or Alliette, and then soil moisture was withheld from half of
the trees. Water stress was observed by a reduction in Pn and xylem water potential six days after
withholding water (Table 7). Two hours after pesticide application, Alliette caused a reduction in
Pn, and both pesticides reduced E. Pesticides had no effect one or six days following application.
Application of superior oil caused a greater reduction in Pn than Alliette six days after
application (Figure 4).
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Figure 4. Interaction of soil-moisture stress
and pesticide application six days after
treatment on net photosynthesis of MM.106
apple trees. Study VII.

Study VIII

As a follow up to the pesticide-water stress interaction in Study VII, a similar study was
conducted in 1994 using several rates of Alliette (Table 8). The plants were stressed from lack of
soil moisture 10 days after withholding water, as indicated by reductions in both Pn and E.
Pesticide treatment had little effect on Pn, E, or xylem water potential.

Table 9. Influence of Selected Pesticides on Net Photosynthesis, Transpiration,
and Water Potential on MM.106 Apple Trees Subjected to a Soil Moisture Stress
Preceeding Pesticide Applications. Study IX.

Xylem Water Pn? on Days Folowing |EY on Days Folowing
Potential Treatment Treatment
(MPa)*
Effect Rate/L 1 3 8 15 1 3 8 15
Moisture Stress
Level
Nonstress - 127b" 89a139a109a12.0a 4.7a 559 557 552
Stress - 233a  60b 59b 91b 75b 31b 350 550 352
Treatments
Control -- -1.74 8.7a/108a 9.6 11.1a 44a|46 |5.3 4.6

Alliette 569 -1.77 6.6b 86b 97 94Db 35b 44 52 40



Alliette 11.2g -1.80 761; 102a 97 92b 43a 46 55 451
. 3.8 4.2

Alliette 2244 183 79b/103a 93 96b S° 45 54 %

Superior Oil 1.2 ml 187 70b96ab 96 95b 35b 43 53 451

F Significance

Treatment NS xx [ *x | NS | ** | * NSNS | *

Stress x Treatment NS NS | NS NS NS | NS | NS | NS | NS

, Pn =mmol CO, m?%™.

YE =mgH,0 m%™,

* Measured 22 days following treatment.

" Mean separation by Duncan's multiple range test (P = 0.05). Values within columns without letters are not
significantly different.

VNS, *, ** = nonsignificant, or significant at P ""e 0.05 or 0.01, respectively.

Study IX

In order to evaluate the influence of time of pesticide application to the development of water
stress, a second study was conducted in 1994 where pesticides were applied to plants already
showing signs of water stress (Table 9). Following two applications of the pesticide (15 days
after initial treatment), all rates of Alliette and superior oil reduced both Pn and E and increased
xylem water potential. The interaction of pesticide and water stress (Figure 5) show a similar
increase in stress with both Alliette and superior oil treatment; however, the concentration of
Alliette had no appreciable effect.
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Discussion

As was true in past studies (2, 9, 10, 27), applications of oil to apple foliage generally caused
persistent reductions in Pn and E. The formulations of oil used in these studies made little
difference (Figure 1, Tables 2, 3, and 6). Formulation did affect the response from some
compounds (e.g., Omite). The emulsifiable formulation appeared to cause a greater decrease than
the wettable powder formulation. Newer materials such as Safer soap, often advocated as "soft"
materials for organic production tended to reduce Pn, particularly when combined with
fungicides such as microsulfur. A number of earlier studies reported a marked reduction in Pn of
apple leaves due to lime sulfur and other forms of sulfur (1, 5, 17, 18). Newer formulations of
sulfur used in the authors' studies (Figures 1 and 2, Tables 3 and 4) also generally caused a
reduction in Pn, particularly when combined with Safer soap or oil.

There was no strong interaction between pesticide application and water stress in the current
series of studies. It appeared that the pesticide effect was greater when applied to plants already
under water stress (Table 9) than when applied to well-watered plants that subsequently
developed water stress (Tables 7 and 8). However, this cannot be definitely concluded since
separate studies are reported, and a combined study was not conducted. The lack of a strong
interaction may have been due to the smaller effect of pesticide on Pn compared to a greater
effect due to water stress. Reports in the literature regarding the significance of interactions
involving two or more stress factors on physiological activity tend to be somewhat contradictory.
While interactions between mites and a series of other stress factors were not significant for
apple leaf Pn or E (12, 14), other studies with air pollutants suggest that certain stress



combinations may significantly interact to affect overall growth and physiological activity of
other important woody species (3, 4, 6, 22). Without question, factors such as type/duration of
stress, plant species, cultural conditions/practices, etc., all influence the degree to which
interactions may impact growth and development.

In summary, some newer pesticide formulations of oils and sulfur or Safer soap may be
deleterious to Pn of apple leaves. The majority of pesticides tested had little effect on Pn and E
of apple trees. There did not appear to be strong interactions between the pesticide influence on
Pn and the effect of water stress on Pn.
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