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Effects of water stress on grape quality and content of methoxypyrazines
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Abstract: [Objective]Northwest China is short of water resources. Previous studies have verified that
moderate water stress can limit the over growth of the vine canopy, raising the secondary metabolites in
berries. Methoxypyrazines (MPs) are one kind of volatile compounds with strong smells of green grass,
green pepper and green pea, and the sensory threshold of these compounds is very low. Therefore, the
flavor and quality of wine can be negatively affected when the level of MPs in wine is too high. This
study aims to explore the MPs content in Cabernet Sauvignon under water stress during the develop-
ment of the berries in order to optimize water supply in vineyard management. [Methods] The trial was
carried out in vintage 2017 from the period of fruit setting to veraison in a farm of Yuquanying in Yinch-
uan, Ningxia. Nine-year-old Cabernet Sauvignon vines were treated with different water conditions,
achieving three levels of leaf water potential, corresponding to mild (-0.2 MPa=%,=>-0.4 MPa), moder-
ate (0.4 MPa=¥,=-0.6 MPa) and severe(V,<-0.6 MPa) water stresses. In addition, at veraison, each
treatment was further subdivided into three water conditions including mild, moderate and severe water
stress, forming a total of 9 treatments. with mild-mild as CK. Based on the rainfall and air temperature,

the irrigation amount in each group was determined. The value of predawn leaf water potential was
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used to reflect the degree of water stress. From 20 days after anthesis, samples were taken every 10
days to determine the variations in physicochemical properties and MPs levels during the development.
The hundred-grain weight was collected with an balance at precision of 0.000 1 g. TSS was determined
using a WYT 24 hand-held saccharometer. TA was determined with acid-base titration. The berry tannin
level was measured using F-D, and anthocyanin content with differential pH method. 3-iso-butyl-2-me-
thoxypyrazine (IBMP), 3- iso- propyl- 2- methoxypyrazine (IPMP), 3- sec- butyl- 2- methoxypyrazine
(SBMP), 2-Methoxypyrazine (MOMP), and 3-methyl-2-methoxypyrazine (MEMP) were detected. Ap-
proximately 30 g berries were crushed and thawed, and 5 mL of the collected grape juice was added in-
to a 15 mL bottle with brown headspace. The brown bottle was placed in the HS-HPME device, and vol-
atiles extracted with a 50 um/30 um CAR/PDMS head space needle for 3 h at 30 C by shading. The ex-
traction head was desorption for 5 mins. The volatiles were detected by GC-FID with a J] & W DB wax
chromatographic column (50 m % 0.25 mm X 0.25 um). The temperatures in the injection port and the
detector were set at 230 ‘C and 250 C, respectively. The external-standard method was applied for rela-
tive quantification. [Results] The results showed that the predawn leaf water potential was affected by
the amount of irrigation. The value of water potential of each treatment increased due to periodic rain-
fall and the values fluctuated within the range designed. The hundred-grain weight, TSS and total antho-
cyanin content increased gradually during the berry development with a relatively slower rate after ve-
raison. At harvest, the hundred-grain weight of all treatments was reduced. T4, TS, T6 and T7 were ef-
fective to increase TSS. Except for T6, all the treatments could increase tannin content compared with
CK. A similar trend was found in total anthocyanin content in all treatments (except for T1 and T3).
And T4 and T5 treatments were most effective to increase total anthocyanin content. Compared with
CK, the levels of total phenol, total anthocyanins and tannin in T4 grapes increased by 36.02%, 20.38%
and 16.70%, respectively; and TS5 improved by 6.99%, 31.17%, and 20.80%, respectively. The signifi-
cant difference in fruit size caused by water stress, the content of MPs in single fruit was calculated to
figure out its accumulation pattern. Under water stress, the contents of various MPs per berry showed a
trend of increasing first and then decreasing during the berry development. Water stress decreased MPs
accumulation in maturation, especially severe stress (T6, T7 and T8). The degradation rates of different
MPs were diverse. At harvest, MOMP and MEMP have been degraded below the detection line, while
the contents of IPMP, SBMP and IBMP in berries maintained high. Compared with CK, the contents of
SBMP, IPMP and IBMP of all the treatments decreased by a range of 1.82%-76.36%, 2.19%-53.85%
and 3.21%-72.82%, respectively. The results showed that TS not only improved fruit quality but also
effectively reduced the concentration of MPs. [Conclusion]In conclusion, moderate water stress treat-
ment from fruit setting to veraison and severe water stress applied to harvest stage can reduce MPs con-
tent, improving fruit and wine quality.
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Table 2 Grape quality of Cabernet Sauvignon under water stress at harvest

e R w(ﬁi@‘ﬁﬁﬁ%) p?ﬂ‘i?ﬁ%@ﬁ? wCEED) _ w(B) MACTF _

Treatment 100-grain weight/e Soluble solids Tltrat_?ble acid/ Total p_Illenohc/ Tannin/(mg- g") Total anjhocyanms/
content/% (g-L'D (mg-g" (Abs-g")

XFIE CK 110.70+3.60 a 21.64+0.58 ab 7.4140.19 a 7.58+0.87 ¢ 5.53+0.27 cd 3.73£0.10d

Tl 89.344+4.08 be 20.84+0.91 bed 6.78+0.38 ab 8.63+0.59 abc 6.19+0.08 ab 3.934+0.02 cd

T2 93.71+7.62 be 20.40+0.43 cd 6.88+0.42 ab 10.28+0.30 a 5.664+0.12 bed 4.56+0.13 ab

T3 101.16+7.11 ab 21.4240.40 ab 6.66+0.39 ab 9.7+0.62 ab 6.13+0.10 ab 3.9540.175 cd

T4 103.40+7.07 ab 22.09+0.54 a 6.87+0.42 ab 10.31+0.67 a 6.47+0.15 a 4.49+0.24 abc

TS5 91.60+1.38 be 21.53+0.46 ab 5.89+0.29 ¢ 8.11+0.73 be 6.68+0.24 a 4.90+0.40 a

T6 84.46+2.52 ¢ 21.71+0.25 ab 6.16+0.29 be 9.95+0.81 ab 4.55+0.21 ¢ 3.97+0.28 bed

T7 81.01+5.40 ¢ 21.1340.40 be 5.75£0.21 ¢ 9.55+0.32 abc 5.88+0.10 be 3.98+0.20 bed

T8 78.80+5.05 ¢ 20.16+0.34 d 5.50+0.61 ¢ 9.66+0.26 ab 5.21£0.38 d 4.78+0.07 a

L AFNG FEER R ZERRE (p < 0.05).

Note: Different small letters indicates significant difference at p << 0.05.

BB, 23 BIBEAR T 20.51%16.87%22.40%F1 25.78% ; PIE T, TS MT4 T T3 M EZREEE, 5
AR RWOR R A RK S ria R sehmrige A 2 342 & T 20.80%  17.00% « 11.93% Fil
R EERDE. XU, SRR A RS 10.85%. KR E T REeLaH SE,
m T, T4 T2 . T6 T3 M TS BB My & R TS TS A T2 fiem » RIS (53 22 RIS R FH 26 5 oy de
FXF R, AR T 36.02%.36%.31.23%.27.97%  AH B EREE S E, LIRS T 31.37% .
27.44%. BRTOFI TS Ak, Fi A b E RS T8 28.15%H122.25%.
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