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Effect of drought stress at different development stages on fruit quality
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Abstract: [Objective]Moderate drought is an important means to regulate fruit quality. Citrus grows in
southern China, where abundant rainfall happens during cell division but less rain during fruit enlarge-
ment, which is sensitive to drought. The impact of drought on fruit quality during different periods re-
mains unclear. In this regard, the effect of drought on fruit quality at different fruit development stages
was examined in order to provide strategy for improving citrus fruit quality with water-saving irriga-
tion. [Methods] The experiments were carried out in National Centre for Citrus Improvement, Chang-
sha, China. Five-year-old Satsuma Mandarin (Citrus unshiu Marc. ‘ Yamasitaka’) trees grafted on trifo-
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liate orange [Poncirus trifoliate (L.) Raf.] were transplanted into plastic pots with a volume of 27 L.
The cultivation medium was Vs Viver sna: Ve = 2:1:0.5. A TDR300 portable soil moisture analyzer
(Spectrum Technologies, USA) was used to measure water content in the substrate. Water content below
40% (relative to maximum water holding capacity of the substrate) was considered as drought stress.
Drought treatment was applied at fruit cell division stage (June-July), fruit enlargement stage (August-
September) and throughout the whole fruit development stage (June- September) in this study. Mean-
while, normal irrigation (approximate 70% of the maximum water holding capacity in the substrate)
was treated as the control. The control group and each of the treatment groups had 10 trees. Nine fruit
were collected at each time of sample collection, and the appearance indexes were determined immedi-
ately after fruit collection. The fruit were divided into two parts, half of which were stored in the refrig-
erator at —20 ‘C, while the other half was quickly peeled and frozen in liquid nitrogen and stored at —
80 °C. High performance liquid chromatography (HPLC) and direct measurement were performed to an-
alyze the changes in external and internal quality indexes during fruit development. [Results] The re-
sults showed that fruit volume decreased after drought stress during different fruit development periods.
Fruits under persistent drought showed a smallest fruit size, which was 65.7% lower than that of con-
trol. Besides, fruit size under drought at fruit enlargement stage and cell division stage was 49.6% and
22.5% smaller than that of the control, respectively. The results indicated that drought during fruit en-
largement had a greater impact on fruit development, and was the key period affecting fruit size and
yield. Analysis of the mature fruit showed that total acid and sugar increased by 86% and 6.5% under
continuous drought stress, respectively. Total acid increased by 37.3% and total sugar decreased by 6%
in the group with drought applied during cell division compared with the control. Meanwhile, total acid
and total sugar increased by 31.8% and 26.1% in drought treatment applied during fruit enlargement, re-
spectively. Furthermore, restoring irrigation after drought stress during cell division exhibited no obvi-
ous effect on sugar decrease and acid increase, suggesting that drought during cell division had irrevers-
ible negative effects on fruit quality. The sugar-acid ratio in mature fruit in drought stress at different
fruit development periods was the highest in the control and in the drought treatment during fruit en-
largement, followed by the group with drought during cell division, and the continuous drought group
was the lowest, indicating that drought during fruit enlargement had a great effect on sugar and acid me-
tabolism and thus on fruit quality formation. In addition, all drought treatments resulted in increased in
organic acids in fruit. Citric acid is the major acid, accounting for over 75% of total acids. The degrada-
tion of citric acid in fruit under drought treatments was seriously hindered, leading to increased organic
acid content in fruit.[Conclusion]Drought stress at different periods of fruit development may intensify
citric acid synthesis and suppress its degradation. Drought during cell division causes an irreversible de-
terioration of fruit quality with high acid and low sugar contents. Drought during fruit enlargement has
a great impact on fruit volume as well as sugar and acid contents.
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Table 1 Drought treaments design at different fruit development stages of Satsuma mandarin

oSzl H 1t Date

Treatment 06-05—07-02 07-03—07-29 07-30—08-26 08-27—09-23 09-24—10-20
AT 4> 435 Cell division stage * * % % %

B8 RIS Fruit enlargement Yo ¥ * * e

%45 Continuous drought * * * * Y

X} H& Control 7 ¥ ¥ e i

o FRORIEWEH, % KR T R A

Note: Black star means drought treatment and white means normal management.
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Table 2 Changes in fruit appearance under different drought treatments

e Xt iR 41 7y 243 EN YN ] TS5
Category Control Cell division stage Fruit enlargement Persistent drought
HL R & Fruit mass/g 103.44+13.54 a 79.70+30.83 b 52.10+16.05 ¢ 35.50+4.12 ¢

IR % 5 & Peel mass/g 20.74+2.45a 21.09+2.84 a 11.74+4.79 b 14.19+1.96 b
4% Transverse diameter/mm 59.13+2.01 a 55.55+1.66 a 46.01+5.89 b 40.38+3.09 b
#{4% Longitudinal diameter/mm 50.01+2.05 a 43.03+3.03 a 35.71+4.67 b 33.66+0.74 b
%7 2 Peel thickness/mm 1.93+0.01 b 2.11+0.11b 1.72+0.36 b 3.2740.20 a
[ % Edible rate/% 79.90+1.20 a 73.60+3.30 b 77.80+2.90 a 60.00+1.00 ¢
YLt (LD/TD) 0.85+0.01a 0.78+0.08 a 0.78+0.02 a 0.84+0.09 a

TE : B — AT B AR 7 B ORTE p < 0.06 /K R 2R B,

Note: The different letters in the same row indicate significant difference at p < 0.05 level.
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Fig. 1 Effect of drought at cell division stage on total Fig. 2 Effect of drought at cell division stage on total acid
sugars (A), sucrose (B), glucose (C) and fructose (D) (A), citric acid (B), malic acid (C) and quinic acid (D)
contents in fruit contents in fruit
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Fig. 3 Effect of drought at fruit enlargement on total sugar (A), sucrose (B), glucose (C) and fructose (D) contents in fruit

08-26 09-23  10-20

BEIR M FEA R LR T, RELP R T ELEIK
B TR T JE R T R A E ST R A
JE RS ER B N PR R B UG, Rk TR R s
RN, SR R I 86% (] 6-A) . K ERAE
NS EE TRk oy, fEIE ST 25 T R
G, HL SR RIS AT A R o HE 0T R 8390 (&1 6-B) . I
SR F AN S SRR A TR A B A RS
TSz BN 23 ) T 107% 411 88.5% , 24 2 2 = T4t
M (E6-C, D)o HIMEMELTRIG, RLPE S &
B8 IR AT A5 TR A O 22 2 25, R B MY 5 R S AR K )
TR AL AR T

3 i i

Ky & RS R R SB35 R SE
it o R B DA 5% 5 7K 3 5 ko 3 BOR SIEAME [
PN LE ff 55— R AR A0,



63 W, A SRR SRR I S R LM R SRS i BT B SR 735

% Control
W 50 KT 5 Drought at fruit enlargement A

A IEH 5 H1 Return to normal irrigation
L I

25
20 r *
15
10
5
0

*

wCRTRD
Total acid content/(mg-g™)

06-05 07-02 07-29 08-26 09-23 10-20
H# Date

O Xf & Control
W ST Drought at fruit enlargement
P2 1 & HE Return to normal irrigation

25 e mmmmmm—em—

20 *

B

WO BRI

.
>
(=)
S
s
2
s 15 + *
o
o
o
=]
Q
©
[&]
‘=
=
(&)

4.0

06-05 07-02 07-29 08-26 09-23 10-20
1 Date

O % & Control
W S K0T Drought at fruit enlargement ¢
P 1E % #E Return to normal irrigation

wOERED
Malic acid content/(mg-g™)

06-05 07-02 07-29 08-26 09-23 10-20
H 1 Date

O %} & Control

W LS KT 2 Drought at fruit enlargement p

A2 1 & B Return to normal irrigation
35 - e
3.0 1M
25 H *
2.0 H
15 H

1.0
0.5 |
0.0 ‘

06-05 07-02 07-29 08-26 09-23 10-20
H A Date
B4 REBRPTFERFREZEA) FTIFEE(B).
ERBR(COETR(DFERFM
Fig. 4 Effect of drought at fruit enlargement on total acid
(A), citric acid (B), malic acid (C) and quinic acid (D)
contents in fruit
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Fig. 5 Effect of continuous drought on total sugar (A),

sucrose (B), glucose (C), and fructose (D) contents in fruit
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Fig. 6 Effect of continuous drought on total acid (A), citric
acid (B), malicacid (C), and quinic acid (D) contents in fruit
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