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Effects of water stress on the synthesis of volatile compounds in Marselan

grape berries

YIN Mengting, DAI Hongjun', HE Yan, WANG Yuening, GUO Xueliang, LIU Yan, WANG Zhenping
(College of Agriculture, Ningxia University, Yinchuan 750021, Ningxia, China)

Abstract: [Objective] Water is one of the important factors that restrict agricultural production. The
grape producing area in the eastern foot of Helan Mountain in Ningxia is located in the inland of north-
west China, which belongs to temperate continental climate. The annual rainfall is small and the climate
is dry. Relying on the Yellow River water for irrigation, however, there is excessive irrigation and unrea-
sonable utilization, resulting in serious waste of water resources, which restricts the healthy and sustain-
able development of grape industry. Therefore, advocating scientific and efficient use of water resources
is an important measure for agricultural sustainable development. In order to explore the effects of dif-
ferent water stress on the metabolism of aroma compounds synthesis during the berry development of
Marselan grape, the present experiment was undertaken to obtain the technical measures of water man-
agement for improvement of the fruit quality of Marselan grape, and optimize the irrigation conditions
suitable for arid and semi-arid areas as well as lay a theoretical foundation for the optimization of the
cultivation and management of Marselan grape. [Methods] Taking 5-year-old Marselan grapevines as
the test materials, three water treatments were set according to the water potential of leaves before
dawn: no stress (control), light water stress (T1) and moderate stress (T2), and the vines were kept with-
in the target range by controlling the irrigation amount. Extraction of free aroma: 15 g of crushed fruit
samples was added into a centrifuge tube, and 1 g of cross-linked polyvinylpyrrolidone (PVPP) and 0.5
g of D-gluconolactone were added. The centrifuge tube was placed in a 4 °C refrigerator for 120 min.
Then it was centrifuged at 10 000 r-min™' for 15 min at 4 °C to obtain clear grape juice. Headspace solid-
phase microextraction (HS-SPME): Take 5 mL of grape juice into a 15 mL headspace bottle, add 1 g of

sodium chloride, 5 uL of internal standard 2-octanol and a magnetic rotor, then quickly tighten the bottle
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cap, the extraction head was inserted into the sample headspace vial and placed on a magnetic stirrer for
adsorption at 60 °C for 40 min. After adsorption, the extraction head was taken out and inserted into the
gas chromatography injection port, and decomposed at 250 °C for 5 min. Gas chromatography separa-
tion conditions: Column: HP-INNO-Wax capillary column (length 30 m, inner diameter 0.25 mm, liquid
film thickness 0.25 pum), carrier gas He (99.99%), flow rate 1.0 mL - min™'; Inlet temperature: 250 °C, de-
sorption for 5 min; programmed temperature was 50 °C for 1 min, and then increased to 220 °C at a rate
of 3 °C-min"' and held for 5 min; mass spectrometry interface temperature was 280 °C, ion source tem-
perature was 230 °C, ionization method was EI, the ionization energy was 70 eV, and the scanning range
was 30-350 amu. Qualitative analysis and quantitative analysis: using the total ion current spectrum in
the full ion scanning mode of mass spectrometry, the collected total ion map current was searched and
data were analyzed with NIST08 and RTLPEST3 spectral libraries, combined with the retention index
(Retention Index, RI) and references of identify volatile aroma components. The internal standard meth-
od was used for relative quantification, and 2-octanol was used as the internal standard to determine the
relative content. The calculation formula was: relative content of aroma components (ug- L") = [peak ar-
ea of each component/internal standard peak area X internal standard mass (pg)]/sample mass (kg).
Grape fruit (without seeds) RNA was extracted with RNA Extraction Kit (spin column type). cDNA was
synthesized by reverse transcription using TranScript kit. Fluorescence quantitative PCR was performed
with Actin as the internal reference gene, and the specific sequences of V'vGPPS, VvHPLA and VvCCDI1
were searched in GeneBank, and primers were designed and synthesized by Shanghai Sheng Gong. Rela-
tive quantification was performed using the 2**“ method. [Results] 41, 45 and 36 volatile organic com-
pounds were detected in the control, light stress and moderate stress, respectively, during the ripening
stage of Marselan grape. The number of compound species was significantly less than that of light stress
treatment. It can be seen that light water stress can significantly increase the types of volatile compounds
in berries, which increased by 9.7% and 25.0% compared with the control and moderate stress, respec-
tively. Under moderate stress, the types of volatile compounds in the berry decreased by 13.8% com-
pared with the control. A total of 12 aldehydes and 12 alcohols were detected, and their contents in-
creased with the development of Marselan grape berry. 120 days after flowering, the content of n-hexa-
nol in berries treated with T1 was 54.7% and 60.9% higher than that with control and T2, respectively.
Nine esters were detected, among which ethyl caprate, dibutyl phthalate, diethyl phthalate and propyl
heptyl lactone were the main ester volatile substances in Marselan grape berry. Twelve kinds of volatile
acids were detected, among which nonanoic acid had unpleasant pungent odor, and its content increased
with berry development, indicating that water stress would aggravate the inferior aroma brought by nona-
noic acid. At maturity, the expression of V¥vGPPS with control was higher than that of T1 and T2, which
indicated that water stress would reduce the expression of this gene. The expression of VvHPLA de-
creased with the development of Marselan grape berry. The expression of Y'vCCD/ showed a downward
trend, but the expression of V'vCCD1 in T2-treated grape fruit was always higher than control. It was ob-
served that the expression of V'vCCDI in T1-treated grape berry was significantly higher than control
and T2 at 87th day after anthesis, which indicated that water stress treatment could effectively improve
the expression of ¥vCCDI in Marselan grape berry. [Conclusion] In conclusion, compared with the con-
trol, moderate water stress can significantly increase the variety and relative content of volatile organic
compounds in Marcelan grape berry. Compared with the control, water stress is not conducive to the ex-
pression of V'vGPPS and VvHPLA, but beneficial to the expression of VY'vCCD].

Key words: Grape; Water stress; Volatile compounds; Gene expression
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Table 1 Reference standard of leaf water potential of
different treatments

4hFR ERHIHT T 7K #A Wb/MPa

Treatment Predawn leaf water potential

%I Control -0.40~-0.20
42 B I8 Light water stress ~0.60~-0.40
1 B 38 Moderate stress <-0.60
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Table 2 Primer sequences for real-time quantitative PCR

B K AR SIFAI(57 -37)

Gene name Sequence of primer (57 - 3")

Actin F:CTTGCATCCCTCAGCACCTT R:TCCTGTGGACAATGGATGGA

CCDI1 F:TGGCACTTTCGGAGGCTGATAAAC R:GGGTCAACCTTTGGATGAGCAGTG
GPPS F:AACTGCGGAAGTTCAATGTTGGC R: ATGGCGGATGTCAGACAATGAACC
HPLA F:CGGTGGCTTTACCATCTTCT R:TCTTAGCGGCAAACCGGAGTTACA
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Table 3 Number of species of water stress on volatile compounds of Marselan grape at mature stage
b3 2SN FES [ES &S lLEN 58S Foft it
Treatment Alcohol Ester Aldehyde Ketone Acid Phenolic Hydrocarbons Others Total
X i Control 6 4 9 8 3 3 3 41
% B [P Light 8 4 9 10 3 2 3 45
th £ JHpi8 Moderate 6 3 8 6 3 2 2 36
x4 KOMETHAMDE=EERIELMEYIREE
Table 4 Effect of water stress on volatile compounds content of Marselan grape at mature stage (pg-LH

b [N FES SN GBS &S Jek ENLES Bit
Treatment Alcohol Ester Aldeyde Ketone Acid Hydrocarbons Others Total
X 655.365+ 645.595+ 3336.452+ 1051.845+ 644.817+ 122.501+ 1 488.402+ 7944.976+
Control 106.07 b 87.194 a 242.653 b 71.698 b 93.768 b 6.621 a 11.698 b 143.146 b
R ia 1 008.842+ 344.743+ 5309.754+ 1250.616+ 1877.787+ 45.003+ 8 198.378+ 18 035.123+
Light 93.797 a 41.082b 164.181 a 55489 a 101.646 a 7.084 b 75972 a 83.172 a
TR e 509.022+ 73.554+ 1918.041+ 922.962+ 694.149+ 41.706+ 58.498+ 4217933+
Moderate 35.014b 9.28 ¢ 115.144 ¢ 11.496 ¢ 27.598 b 8.381b 8.734 ¢ 10.872 ¢

TE B P IME £ B2 (n = D) F0R, ARVNG 7w RERR 2R IE ] 0.05 BE K. T,

Note: The data are represented by the mean+standard deviation(n = 3). Different letters mean significant different at 0.05 level. The same below.
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Table S Effects of water stress on the content of main alcohols and esters during fruit development of Marselan grape

e

Compound

AN [E] I A X % & Relative content

Species . me Treatment 5, 4 67d 774 87d 97d 110d 120d
i 1ECE payiGt 0.599+0.026 a 0.314+0.013 a 0.447+0.178 a 1.336+0.625a 1.560+0.346 b 170.130+2.398 b 246.471+40.404 b
B 1-Hexanol Control
hAIICO' REHE 0.613£0.027 2 0.280+0.024 a 0.537£0.272 a 1.136£0.826 a  3.040+2.265 b 253.823+36.669 a381.393+22.978 a
0 Light
FREEMNE 0.709£0.168 2  0.369+0.186a 0.771+0.343 a 0.244+0.021 a 70.509+ 215573+ 237.021+2.984 b
Moderate 21.132a 16.898 b
75 R POt 0.757+0.025a  0.502+0.004a - 0.336+0.036 b — 16.15442.129 a  55.319+5.575a
Linalool Control
IZEEE 0.587+0.014 b 0.52240.101 a 0.354+0.062 2 0.651£0.010 a  2.506+0.697 a 18.513+0.630a 14.533+1.663 b
Light
HEE 0.379+0.005 ¢ 0.446+0.333a 0.316£0.027 a - 2.010+0.255a 18.704+1.275a  9.140+0.176 b
Moderate
R FA X HE - - 0.556+0.030 a 0.584+0.068 a — 138.618+8.185 ¢ 145.964+18.217b
Benzyl Control
alcohol sz prfin - - 0.451£0.041 a 3.02243.963 a 31.899+1.963 b 244.071£6.619 b 365.526+27.037 a
Light
e - - 0.475+0.151 a - 211.633£1.228 a 203.99742.979 a 153.265+25.070 b
Moderate
4-miEiEEE xR 0.407£0.248 a  1.033+£0.030a - - - 20.654+0339b -
Terpinen-  Control
4-ol B 0.40240.025a  0.436£0.021b - - - - -
Light
PEEMMNE  0.224+0.020a - - - 9.587+0.361a 20.777+0.942b 14.622+0.487 a
Moderate
a-FATMEE XTI 0.821+0.124b  0.470+0.001 a 0.742+0.240 a — - 39.33240.426 b 62.092+10.125 b
o-Terpineol Control
IREEE 1.08940.022a  0.54040.240a 0.400+£0.212 b 1.766+0.023a - 53.945+7.078 b  82.728+0.186 a
Light
HEENE 0.52540.047 ¢ 0.322+0.015a - - 131.026+ 66.421+3.774a 57.334+4.513 b
Moderate 52.777 a
i RO R 0.680+0.041b - - - - - -
BN Ethyl Control
Ester caprate BREMHE  0.732£0.086a — - - - 7.385+0.511a -
Light
PEEME 0.515£0.009b - - - - - -
Moderate
il - oyt 0.806+0.130a  0.694+0.575a 0.564+0.017 a - 1.470+0.613a 10.223+0.966a 28.411+3.650 a
B2 T Control
Dibutyl  #ppE 0.63140.017b  0.348+0.062a - 0.454+0.162a 2.845£2.015a 13.12840.842a 26.597+29.657 a
phthalate Light
HFEEINE 0.534+0.028 b 0.318+0.019a - - 45.070+37.467 a 33.849+25.080 a 12.150+0.605 a
Moderate
LAz X} & 1.168+0.093a 1.215+0.278a - 1.724+0.467a - - -
AT Control
4-Heptano- #zprphin - 1.405+0.732a 1.537+ - - - -
lide Light 0.779 a
FREMMNE  0.273£0.025b  0.797+£0.252a 1.396+ 0.345+0.010b - - -
Moderate 0.795 a
5 et I giict - 86.340+ 15.103+ 7.914£0.249a - - 36.661+9.964 b
R —H'fiE  Control 58.925a 0.127 a
Dimethyl 2 pefia  0.768+ 43.443+ 16.595+ - 3.307+0.592 b  46.258+3.257a 87.610+£2.129 a
phthalate 1 jght 0.036a 14.659 a 1.447 a
HHEEME  0.41540.019b 17.647+ 14.091+ 1.627+1.962 b 17.577+2.688 a 53.385£9.207a 34.111£7.170 b
Moderate 5.599 a 1.449 a
AR X - - - - - 18.036£2.344b  55.5644+4.542 b
2 —ZHs Control
Diethyl  gpprppig - - - - - - 75.549+5.262 a
phthalate Light
e - - - - - 31.506+6.560 a  27.293+1.505 ¢
Moderate
R E. R

Note: — undetected. The same below.
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Table 6 Effects of water stress on the content of main aldehydes and ketones during fruit development of Marselan grape

% A5 LR N[ s HAAE X5 & Relative content
Species Compound Treatment
P name 52d 67d 77d 87d 97d 110d 120d
2k IECE X R 52.663+ 65.171+ 90.928+ 107.064+ 201.840+ 1191.837+ 1525.539+
Alde- Hexanal Control 7.005 a 8.394 a 0.422 a 15.735 a 53.465b 135.748 b 14.285b
hyde BERG  56.043+ 33.414+ 66.294+ 96.419+ 481.708+ 3428472+ 3 485.572+
Light 7.931a 33.677a 69.655 a 1.614a 53.912a 99.550 a 57.307 a
FEEME  20.889+ 37.953+ 47.385+ 27.233+ 149.442+ 1150446+  748.843%
Moderate 0.174 b 15249 a 32.460 a 5.028 b 6.897 b 86.034 b 25.051 ¢
2- LS Xt iR 2.329+ 3.919+0.990a  6.298+ 4521+ 16.989+ 113.599+  253.085+
E-2-Hexenal Control 0.028 a 0.056 a 1.004 b 5972a 10.785 b 54423 b
B a 2.439+ 4731+1.383a 6318+ 5.555+ 16.458+ 259.864+  355.092+
Light 0.407 a 1432a 0.176 a 14303 a 32.375a 39.305a
HhEE e 2237+ 4213+0.190a  5.708+ 2.075+ 14.421+ 322581+  176.479+
Moderate 0.058 a 0.716 a 1.161b 3.541 a 23.553a 19.019b
7K F X HE 1.559+ 2.378+0.110a  4.555+ 1.512+ 1.585+ 87.390+ 161.755+
Benzaldehyde Control 0.182 a 0.491 a 0.038 b 0.252 a 11.211a 17.970 a
B A 1.498+ 2.556+0.440a  1.986+ 3.166+ 5.155+ 71.674+ 93.430+
Light 0.004 a 0.056 b 0203 a 4384a 1.868 a 0.579 b
EHERSE] 1.314+ 1.783+0.275a  2.042+ 1.143+ 1.446+ 139.912+ 94.262+
Moderate 0.049 a 0.444 b 0.774 b 0.542 a 40.940 a 3.554b
5-F4 H LR pagitct - - 2.104+ - 2.823+ 77484+ 289257+
5-Hydroxymethyl- Control 0.020 a 2.023b 63.956b  104.572b
furfural BRI - - - - 3.876+ 80.990+  604.161+
Light 0.245b 54.153 b 4541 a
o IE - - - 0.784+ 25.954+ 541.604+  262.304+
Moderate 0.017 a 2978 a 39.524 a 14.689 b
IR 3 ot iR - - - - 0.807+ 64.709+  250.464+
(E,E)-2,4- Control 0.130 a 10.405 b 15.094 b
Hexadienal BRI - - - 0.449+ 2.877+ 219.0424  338.528+
Light 0.008 a 1.197 a 22463 a 15371 a
FF e - - - - 0.763+ 96.759+ 35.156+
Moderate 0.068 a 37.807 b 6.410 ¢
2-F23E O X g - - 0.393+ - - 8.052+ 28.109+
2-Oxoethanol Control 0.041 a 4.556 a 9.623 a
BEME - - - - 5.897+ 40.094+ 23.773+
Light 1.167b 7333 a 6.132a
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%6 (ZZ) Table6 (Continued)

% A4 5 LhEE AN [A] s HHAH XS Relative content
Species Compound Treatment
P name 52d 67d 77d 87d 97d 110d 120d
i ia - - - - 43.789+ 39.442+ 59.082+
Moderate 0317a 23.858 a 17.835a
IET#E pOyict - - - - 3.006+ 20.019+ 42.047+
1-Nonanal Control 0.070 a 10.128 a 8.035a
B A - - - 1.169+ 3.224+ - 24318+
Light 0.010a 0711 a 0.626 b
H R e - - - 0.445+ 2.954+ - 45724+
Moderate 0.222b 0.327 a 2.853a
M2E  KE A poyiGt 0.831+ 7.441+ 4.552+ 5.255+ 22.909+ 160.598+  256.409+
Ketone Damascenone Control 0.181a 1.364 a 0.170 a 1.888 a 7.503 b 20.902 b 44.891 a
B A 0.959+ 8.967+ 6.115+ 1.082+ 4797+ 452.893+ 78.348+
Light 0.072a 1.053 a 0222a 0.428a 3.131b 5.829a 0.173 b
r R e 0.930+ 3.187+ 5.149+ 2.079+ 293.746+ 127.536+ 51.866+
Moderate 0.013 a 4.008 a 1.202a 2502a 59.681 a 24.121b 1.208 b
2-MEE g Jot: T Xt AR 11.717+ 11.303+ 1.025+ 13.908+ 3.971+ 13.087+ 34.415+
pyrrolidin-2-one  Control 4.021a 4.004 a 0301 a 4290 a 4.135b 0.391 ¢ 8.338b
B A 8.683+ 10.004+ 21.723+ - 6.021+ 45.071+ 117.153+
Light 0.408 b 3207 a 12.330 a 6.389b 1.906 a 6.893 a
H R e 3.402+ 8.991+ 11.335+ 0.445+ 54.830+ 26.513+ 28.546+
Moderate 0.396 b 5574a 5.560 a 0.429 b 22.232a 2308 b 0.395 b
PRI IR Xt iR - - - - - 40.110+ 38.448+
Hydroxyacetone  Control 12471 a 0.749 ¢
B A - - - 0.214+ 7.448+ 56.147+ 66.802+
Light 0.140 a 7.944 b 4758 a 1.579b
HRE e - - - - 110.536+ 45.739+ 82.936+
Moderate 88.190 a 3.134a 2370 a

13- R dEPIE X - - - - - - -
1,3-Dihydroxya-  Control
cetone

B - - - - 31.935+ 221441+ 221.011%
Light 1.368 b 4.153 a 5.735a
rh e - - - - 131.245+ 183.860+  207.072+
Moderate 11.066 a 6.465b 2.474b
251 Decanal 4.300
1E L% 1-Nonanal
F2 4k 2% 2-Oxoethanol - || 3312
11 Z4/E(E,E)--2,4-Hexadienal -
5-¥2 FRIL RS 5-Hydroxymethylfurfural - 2324
2-FELZK Fi% 2-Methylbenzaldehyde - ’
(E,E)-2,4-B¢ —Jl% (E,E)--2,4-Heptadienal - ..
2,4-— HIHEZE 1% 2,4-Dimethylbenzaldehyde - |- H 2 1336
2,5- IS IK I EE 2,5-Dimethylbenzaldehyde -
7K FIf#% Benzaldehyde 0.348
H % Trans-2-hexenal
IE U Hexanal I T O O O S O SO B B [ -0.640
CHOCCERRRE 555585222888
LR R R R I opop

Ak B B A S5 R
Treatment and days after flowering
2 DEZRAERIPIEBEUASYSEENERAS S MHBLIREHXFR
Fig. 2 The relationship between the content of different aldehydes in Marselan grape fruit at different times

and different stress treatments
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Table 7 Effects of Water Stress on Contents of Main Acids, Phenols and Other Substances During Fruit Development of

Marselan Grape

I e -
Fhk aRZE Kb AR #AAE ] 7 5 Relative content
Species Compound Treatment
P name 52d 67d 77d 87d 97d 110d 120d
R O X HE 0.356+0.018 b 0.406£0.049 a — 0.707+0.266 a 2.833+0.438a - -
Acid Hexanoic Control
acid IZPEE 0.434+0.030 2 0.436+0.133 a 1.890+1.890a — 3105402442 - 56.26244.079 a
Light
e - 0.434+0.039 a 0.695+0.244 a 0.294+0.015b — 204.786+11.431 a -
Moderate
& k-2- pagiict 0.253+0.013a - 2.508+0.662a - - 109.127+48.782 b 157.008+37.194 b
CUHIR Control
trans-2-Hex- g pepip - 0.984+0.019b 1.811£0.410a - 242.388+15.994a 276.338+30.322 a
enoic acid Li
ight
e - - - 0.346+0.000b - 221.724+30.281 a -
Moderate
ETR X HE - - 3.268+0.181a - 1.066+0.184 ¢ 58.857+18.595a 131.452+37.877a
Nonanoic Control
acid BRI G - - - 0.919£0.066 a 8.755+0.239a  90.623+0.129a  124.442+4.521 a
Light
e - - - - 5.529+0.455b  89.134+4.962a  107.611+£8.926 a
Moderate
H POt - - 5.109+0.106a - 1.579+£0.582b  2.816+0.049 a 24.42448.708 a
Lauric acid Control
BREEE - - - 1.149+0.129a 1.676+0.906 b  4.378+2.040 a 24.774+0.330 a
Light
e - - - - 47.264+6.634a  4.221+0.117 a 22.891+1.770 a
Moderate
2-ZIERER XTHR - - - - 1.612£1.156 b 22.147+5.768 ¢ 58.172+0.794 b
2-Ethylhex- Control
anoicacid  gxprpan - - - - 522040242 b  84.929+2.068a  189.770+11.120 a
Light
A - - - - 57.737+27.988 a 48.870£10.325b  48.455+2.345b
Moderate
R X R - - - - 0.424+0.124a - 13.096+0.607 b
Benzoic acid Control
BZREME - - - - 2.126£0247a  1.622+0.561 b 20.888+0.234 a

Light
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%7 (4) Table7 (Continued)
I e
iES] e A3 ANTFI S AE T 7 5 Relative content
Species Compound Treatment
PECICS ame 52d 67d 77d 87d 97d 110d 120 d
W E - - - 0.221+0.012 a23.186+18.208 a  12.118+4.006 a -
Moderate
CLRIETNR X IR - - - - - 13.626+1.829 ¢ 22.685+1.480 ¢
Levulinic Control
acid BREEMNG - - - - 6.288+0.374b  76.988+1.255a  86.744+0.607 a
Light
W e - - - - 30.889+0.292a  29.251+6.803 b 71.877+3.849 b
Moderate
M 2478 X 2.006+0.010 b 0.465+ 16.929+ - 19.770+7.148 b 73.086+3.008 b  213.42442.262 a
Pheno- | 2} Control 0.130 b 1.672 a
fic ift'll) ‘gol BEEphe - 16.929+ 5.454+ 15.437+ 32.176+20.047b 180.466+0.424a  138.993+11.239 b
yip Light 1.672a 2.595b 0.446 a
R A 2.41240.106 2 5.454+ - - 232.831+ 76.272+0.521 b 152.688+21.445b
Moderate 2.595b 109.386 a
AR xR - - 0.359+0.031a - - - -
Propofol Control
BREpE - - - 0.346+0.066a - 1.239+0.057 a -
Light
HHRERpIE — - - - - - -
Moderate
[EEAT IR - - 1.428+0.184a - - 24.079+2.477 b -
Thymol Control
ZEME - - - 1.29140.118a - 82.087+£2.392 a -
Light
T EE e - - - - 36.223+2.161a  32.414+17.534b  19.103+7.895a
Moderate
FRoK paiist - - - - - - -
Toluene Control
2R - - - - 0.648+0.676a - -
Light
HHEE e - - - - - - -
Moderate
BN X HE - - - - 2.068+0.936b  17.056+£0.872 b 22.318+10.987 b
Phenol Control
R - - - - 2.909+0.155b  61.821£0.262 a 74.479+£0.672 a
Light
TR e - - - - 31.955+1.255a  12.617+0.862 ¢ 61.893+1.588 a
Moderate
T pagiict - - - - - - 81.661+0.614 b
Carvacrol Control
BREpE - - - - - 4.202+0.042 a 86.314+0.315 a
Light
HREERIE - - - - 65.325+4230a - -
Moderate
HAMZE 2,3-—HIHE X 2.492+0.056a - - - - - -
Others A JiE Control
2,3-Dime- . B B B B B
thylhydro- B ia 2.854+0.069 a
. Light
quinone
HEE A 0.854+0.206 b 2.471+0.530 a — - - - -
Moderate
WE S X 2.802+0.057a - - - 2.77240.139a - -
TH Control
2,2°-AZODIS e | 844£0.057 b 6.345£0.492 a — - - - -
(2-methyl- .
.. Light
propionitrile)

R A 1.530+£0.067 ¢ —
Moderate

- 0.429+0.029 a
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%7 (4£) Table7 (Continued)
I e
GiEN RN sl ANTRI A AE S 7 5 Relative content
Species Compound Treatment
PeCICS ame 52d 67d 77d 87d 97d 110d 120d
JY FA A PO 4.525+0.365 b 6.033+0.785a — 8.876+0.332a - - -
BRI Control
Tetramethyl- s _
ST AR RN 5.336+0.026 a 3.303+0.163 a 5.411+0.418 b 6.200+£0.081 a 322.424+11.792 b 1442.574+
succinotrile .
Light 10.481 b
e - 4.488+2.207 a 6.660+3.250a - 2.648+0.752 a1 732.166+ 8 105.446+
Moderate 418.460 a 70.906 a
TR iR - - 12.010£0.322a - 11.293+1.219b 322.424+11.792 b -
Ammonium Control
acetate BRI - - - 7266+0.016a - - -
Light
R E - - - 0.280+0.022b - - -
Moderate
WG X - - 2.71840.159a - - 53.420+0.039 a 10.82340.686 ¢
Cyclohexa- Control
1one OXIME 4z ey — - - 2.40240.129 a 14.215£0.143 2 130.772485.671a  33.694+4.263 a
Light
e - - - - 175.193+ 53.427+0.039 a 23.075+2.786 b
Moderate 110.760 a
2,1,3-%% X HE - - 1.090+£0.122a - - 13.618+7.945 a 35.004+0.531 b
e~ Control
Z13-Ben- o penyiy - - - 0.846£0.031a 2.855+0.072b 44.146+28.466a  59.238+0.803 a
zothiadiazole .
Light
e - - - - 49.422424.802a 13.618+7.945 a -
Moderate
LR KR 3.736+0.536 b 2.142+0.563 a — 2.86+0.093 a 8.849+3.683a - -
2-Phenox-  Control
yethanol . R _ B B
REEIA 5.467+0.134 a 1.679+0.244 a 2.897+1.407 a 7.523+6.002 a
Light
HREME 1.304+0.019 ¢ 1.442+0.387 a 2.129+0.911 a 0.837+0.123b - - -
Moderate
p-RAE XTI 0.535+0.096 a 0.383+0.016 a — - - - -
y-Terpinen  Control
BEEhE - - - - - - -
Light
e - - - - - - 27.061+2.366 a
Moderate
La-fetg KR 0.238+0.009a - - - - - -
1,4-Cineole  Control
BREEIE 0.21240.004a — - - - - -
Light
B - - - - - - -
Moderate
IE CLlik PO - 0.207+0.293 a — - - - -
dihexyl ether Control
BEEha - - - - - - -
Light
B E - - - - - - -
Moderate
=k KR - - - 0.328+0.007 a 3.894+£1.435a  4.392+0.509 b 5.35140.633 a
hextriacon -Control
tane BRI - - - 0376+0252a 4.996:0.831a  5.022+0.447 b -
Light
e - - - - 4.587+0.721a  21.539+0.754 a -

Moderate
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