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Effects of water deficit on potato growth, development and
carbon metabolism at the seedling stage

CHEN Hong, GUO Yan, GUAN Ting, LIU Peng, FAN Mingshou, JIA Liguo
( College of Agronomy, Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010019, China)

Abstract ; In this experiment, three water irrigation gradients were applied at the seedling stage; full irrigation
(M65) , mild deficit (M50) , and severe deficit (M35). The leaf area index and biomass were measured through-
out the growth stage, while yield and its components were assessed at the maturity stage. Additionally, the activities
of sucrose synthase (SS—synthesis direction), sucrose phosphate synthase (SPS), ADP—glucose pyrophosphorylase
(AGPase) , and starch synthase (SSS) were analyzed, along with changes in the content of carbon metabolites, su-
crose, and starch. The results showed that the leaf area index and biomass of potato were significantly higher than
those of the control group after rewatering under mild water stress at the seedling stage, which were 29.11% and
13.21% higher at the starch accumulation stage, respectively, and the yield was also significantly higher than that
of the control. Under water stress, the SS—synthesis direction and AG—Pase activity in leaves were significantly en-
hanced, and the mild deficit treatment increased by 264.91% and 762.39% , respectively, and the severe deficit
treatment increased by 144.94% and 251.28%, respectively. The activity of SPS in leaves was significantly re-
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duced, with mild deficiency treatment decreasing by 47.16% and severe deficiency treatment decreasing by 83.01%
compared with the control treatment. There was no significant difference in SSS activity between mild deficiency
treatment and control, and severe deficiency treatment was significantly lower than that of control. The contents of
sucrose and starch in mildly deficient treatment leaves increased significantly by 1.81% and 19.70% , respectively,
compared with the control. After rewatering, the activities of SPS, SS—synthesis direction and AG—Pase in mildly
deficient treatment leaves were restored to the control level, and the starch content decreased significantly by
38.14% ~69.69% , restoring the supply capacity of the source. Compared with the control, the SSS activity in the
mildly deficient treatment tubers increased by 29.72%, and the other enzyme activities returned to the control
level, and the contents of sucrose and starch increased, which enhanced the activity of the reservoir. There was a
significant positive correlation between sucrose and starch content in potato leaves, and a significant positive corre-
lation between starch content and AG—Pase and SSS activities in tubers. The results demonstrated that a moderate

water deficit followed by rewatering during the potato seedling stage reconstructed the source-sink relationship, ena-

bling compensatory plant growth and contributing to higher potato yield and improved water-use efficiency.

Keywords: potato; seedling water deficit; rehydration; carbohydrate metabolism; growth
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Table 1  Basic soil properties in the experimental area
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1.2 MEMBS5AZX

TS KRR AT RRE A, EERE
A H IR S R TN P EL 0~ 60 em TR+
FE & /NS 5,430 3 2, B 0~20,20~40 40 ~
60 cm, A G &, BEFG 100°C HET, T15E 1 HEAH
X KR, M 0~60 em V34 3 E K& (42T
IR ) 15 2 HE K 45 R BRI, AR 4 LT T I 2
SIS AL B K

TG KE= (BEmE-TEE) / (T4
JFi ) x100%

AT E KB = LS K E / HE K S
x100%
X, p ATHE TR MR H, B 60% 3 H R
TR Z B r M RIRIEE T AEE (g - em™);
0, MRS K FRR(%) ; 0,, TR
KETFR(%) .

AR SBORE B 1] 3 5310 oy 1 05 565 17,2537 .49 d
62 d, B AEFRI 4 Bk, BRI, FEAR R 43 AR |
25 M HREETLER A, Yk, BRI KA A
AHEAR | 105°C 2475 30 min, 80°C 4k ZEHLT 24 b, Fi
Thia, Ho e 16 .42 d BHBRCEERRES =S5
Diggnt, 5z Bl AR %5, BT -80°C vKAR A4
FE B HEETE T Ve, DI/ e [RAE Tl
ARG A7 T —80°C vkAR 1, FH 0 22 B 1

R T R R i (g) AR 25 I BR2E
B0 Jo AR A R

T AR A T AL 0, AR AR AT L T AR T
[tet 55 I R BT B A I A AR AR AR i AR, A 5K
mr.

T FRFE B (LAT) = St it | S A/ b i AR

PRI AE A A AN BE AL BT R Y
4 m* 7= AN ER A 3 UK, BT AR A T
oA HEZET 50 ¢ EN/NE, BT 50 g KT
150 g & M BT 150 g & NFT A E, HHE R
L% S

TR B R AR i b sk e Y sk
P R T L e sz

FEWE G I (SS—G W7 Il ) I REA B R 5 i
(SPS) f M &% Nakamura Y B9 05 ¥ 5E . BRAF
AR A N FE IR AL I ( AG—Pase ) FIERY & B
(SSS) ¥ 4 SR FH 75 M A% B0 S8 AR W BB A RS R Y
AG—Pase \SSS 12U £ A, HLAAK D B 2 B0 & il
W5,

1.3 BIESH

iR H Excel 2016 F 4R H SPSS 4iit4r
B2 A4 A0 B 56 K s , W Duncan PEKG50 25 57 0.3
P, AT AR K oAb B E] (2 2 25 5% SR origin 3K
il

2GR

2.1 AREKSLENDRE=SHREFRIFME

AR | Wi 3 it T 4% 2 75 52 i 5 Bl ik
P M50 TR 2 S T A A I MeS R B
T M35, 30w 13.8% 1 16.6% (£ 2) , AL
) R S T AR R 5 B AL B MSO TR ER TR
JYTHEE M65 FN B o B M35, 40 ) 12.339% il
30.16% , H 3 75 ik M35 #l i P28 % & DL K 5t iy
e,

ALK 435 G R B X I 44 S5 7 il SR B R
], 4% B =5 e MSO H R ol 2 % Il 28 T 70 0 E
M65 FIH 7 6k M35, 5351 /=5 i 16.63% Fll 32.96% |,



80 T XA 5T

543 4

WCAI B 8 5 e ik 3 T S0 B M6S A
T T M35, 530 15.08% 1 51.35% (£ 2) .
22 ARKSHENDHEENESHEARES
sp-AH

WE PR, AR S 17 ~28 d Z 0], 78
SIHETE M65 ' 35 e TR B 7 Bk M50 MINEE JEE 7 Gk
M35, A= Bt 25 7K 437 iAo B 10 38 i o 20 . A
WG 37 d, 58T MSO FFUR .25 0 T 70 40 HE R
M65 FIHE i 75 5k M35, 43 i85 2.36% il 31.55%, 1
TR 49,62 d IF, R 5 B MSO ¥ 8 3 v T HAl
2 A RbBE FEE IR,

AR, b B e R RO A A
ZS TEMEE 17~28 d B, 7843 M65 v i [
R EoE w08 s TR B 5 ke M50 i B 75 ik

M35; G 37 d B, B EE 7 Ek M5O I I R S A
E =T M65 Fil M35, 43 il &t 21.48% A1 110.14%
FREEBUYGR (B 1) . ARVK BT 7 5 6
M50 Hr -4y 5 B SR RN i T AR BOrE & K R %
b e HEE M65 B4 FE 5 il M50 & /K S I TH RS 5K
P4 1R LA R 0 5 R 7 M o TR 40 E T M6
IR
23 ARKSLEFNDEEFTYRSEILATME
2, e E RN, DR BT
Ji 53 BE b R 2 78 20 HEE M5, 1B 35 R TR =
Bl M50 FEE 7 M35, Bl R R A SRS b
TR 5T 43 B L 2 0 /N, b 5 40 B B R i 4
K, THESTEAL B E) N FRT Bo BC LL BEE AE E
WP & PSR FE B 17 ~28 d ) 3 5 ik M35

R2 AEKSLEXDRESEMWHRETFHIRM

Table 2  Effects of different water treatments on potato yield components

b3 R FHREE [HEE-& S PR
Treatment Tuber number per plant Tuber weight per plant/kg Commodity rate/% Yield/ (kg - hm™?)

M35 4.57+0.22b 0.63+0.06¢ 48.94+5.71c 26946+62¢

M50 5.33+0.28a 0.82+0.03a 65.07+8.91a 40784+485a

M65 4.68+0.21b 0.73+0.03b 55.79+4.42ab 35447+485b

T RIS RNG PR A BRI 22 57 B35 (P<0.05) 3 =7 R B b2z, T 1AL,

Note: Different lowercase letters in the same column indicate significant differences between treatments( P<0.05) , and the value after “+” is the

standard deviation. The same below.
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Fig.3 Effects of water deficit and rehydration on carbohydrate and key enzyme activities in potato leaves
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SS—A W MR, BOKJE i B KAy Bk ia R R
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Table 3  Correlation between carbohydrates and key enzyme activities in potato leaves

FE & Bl JHRHE AR 2

e R A o\ A L iy YN ’ — o S A
ity A ‘ TER F*f?ﬁ?ﬁ@xn Tt SS—2 R ] T L ﬁ*ﬁj‘cj FEW%
Index Fructose content  Starch content SPS TR SSS
SS—synthesis direction AG—Pase
HEBES i Fructose content 1.000
TEM & B Starch content 0.914* " 1.000
HEVERRIR £ UAE SPS 0.226 0.908 * * 1.000
S AL B QA
TR TG 55— L7 -0.193 0.474* -0.275 1.000
SS—synthesis direction
I R A AR . .
AL AG-Pase 0.358 0.517 0.319 0.921 1.000
VERY G IR SSS -0.674" " 0.839" " -0.753" " 0.307 0.471" 1.000

e« F = A3 IER/RTE P<0.05 Fl P<0.01 /KF BEH G, T,

Note: #* and * * indicate significant correlations at P<0.05 and P<0.01 levels, respectively. The same below.
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Table 4  Correlation between carbohydrates and key enzyme activities in potato tubers

. - Ee————
Hohi HER Bt S R N RORRC AN R BRI e
. SS—A WU 1) RIS
Index Fructose content  Starch content SPS . SSS
SS—synthesis direction AG~-Pase
FERES B Fructose content 1.000
TER & i Starch content 0.836" * 1.000
HEMERERR 5 UBE SPS 0.740 " 0.954"* 1.000
g AL A
SRHETILE SRR g 0.975"* 0.974" * 1.000
SS—synthesis direction
H- 895 % * 958 * 036" * 970+ * 1.000
B ALEG AG—Pase 0.825 0.958 0.936 0.972
TEM £ UG SSS 0.440 0.819* 0.913" 0.858* * 0.837" " 1.000




84 T XA 5T

543 4

VERY G B R R IR A E NG A W L R
AW Rz i R PeE b 2 gt JLA W BERE A
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HUER O i R LR B B T R A
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Pase 16 7%, W& 78 D4 U it 47 T 5
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TR ZE R AG-Pase (SSS T 1, T4 B AE A [H]
AR IR 8 3 7K A3 TR AR R A LA R
WA B RF S, AT, K S B ia
J5 U R E RS A, i AG —Pase FI SSS 5
VERY B BUAH DG R S MR B &, L R B 7 e S
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B, — AR M 2 /N TR SV L B i
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i BRI RS 7, e N A1 FEEOK R B 1 AR AL PRAIE
MR BRIK AL B Y e i R IE H AT
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LSS WS B K 43 77 S B OK B S S 0t
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ol SR TR LN B ) B 2 T o i B
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