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Effects of Regulated Deficit Irrigation on Leaf Nutrients, Enzyme Activities, and
Root Zone Soil Nutrients during Fruit Expansion and Coloration-Sugar
Accumulation Stages of Citrus in Western Hubei Province

ZHONG Yun, HUANG Zhikun, ZHU Shijiang, HAO Kun, ZHU Zirong, ZHANG Wei, CHEN Hongde
(Hubei Key Laboratory of Hydropower Engineering Construction and Management ,
China Three Gorges University, Yichang, Hubei 443002, China)
Abstract: [ Objective] This study investigated the effects of regulated deficit irrigation on leaf nutrient levels
(nitrogen, phosphorus, and potassium) , enzyme activities (superoxide dismutase, peroxidase, and catalase) , and
root-zone soil nutrients (nitrate-nitrogen, available phosphorus, and available potassium) during the fruit expansion
(Il > and coloration-sugar accumulation stages ( [V ) of citrus in western Hubei Province. [ Methods ] Six-year-old
“Ehime 28” citrus trees in the western Hubei region were selected as the research subjects. Full irrigation served as
the control (CK: daily irrigation volumes of 4.0 and 2.5 L. during the fruit expansion stage (Stage [l[ ) and

coloration-sugar accumulation stage (Stage IV ), respectively). Four deficit irrigation treatments were applied
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during both Stage [l and Stage IV , including mild deficit (LD: 70% of CK), moderate deficit 1 (MD1: 55% of
CK), moderate deficit 2 (MD2: 40% of CK), and severe deficit (SD: 30% of CK). The aim was to explore the
response patterns of soil nutrients, citrus leafl nutrients, antioxidant enzyme activities, and root-zone soil nutrients
to water stress under drip irrigation across different growth stages. [Results] 1) The IV -MD1 treatment
significantly promoted the increase in leaf nitrogen, phosphorus, and potassium contents, with their respective
mass fractions increasing by 8.05%, 2.13% and 12.42% compared to the control group. Moreover, this treatment
achieved the highest rates of nutrient accumulation and growth in the leaves. 2) The [[[ -MD1 treatment effectively
enhanced the antioxidant defense capacity of citrus trees, with the activities of superoxide dismutase (SOD) and
peroxidase (POD) increasing by 63.3% and 104.5% , respectively. 3) The [l -MD1 treatment markedly enhanced
nitrate nitrogen and available phosphorus contents in the upper and middle soil layers, with respective increases of
74.54% and 17.61% in the upper layer, and 73.53% and 43.58% in the middle layer. Additionally, the IV-MD1
treatment significantly improved the vertical distribution of soil nutrients, effectively reducing nutrient leaching
losses. This treatment also increased the available potassium content in the upper and middle soil layers by 59.23%
and 51.67% , respectively. 4) Canonical correlation analysis revealed significant relationships between soil and leaf
nutrient elements. Leaf phosphorus and potassium contents were positively correlated with available potassium in
the soil, while they were negatively correlated with soil nitrate-nitrogen, available phosphorus, and leaf nitrogen.
[ Conclusion] The [V -MD1 treatment effectively promotes the accumulation of soil and leaf nutrients and
enhances the activity of protective enzymes, making it a suitable water-saving management strategy for drip
irrigation for citrus cultivation in western Hubei. The findings provide a theoretical basis for optimizing citrus
irrigation practices and improving fruit quality.

Keywords: citrus; regulated deficit irrigation; leaf nutrients; leaf protective enzyme activities; soil nutrients
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Fig. 1 Effects of deficit irrigation at different growth stages on the mass fractions of nitrogen, phosphorus and potassium in leaves

22 AE4EBEHIESER G R BTN

F &l 2a F1EL 2b AT T, T Q4 B 35 i - SOD 3%
PEAE Q1 I 148 7 8.0%~63.3% , H. SD 4b F 76 K &
K G, SOD i PE ARk b7t VI LD &b B i SOD
PR T 2.5%, Hifth Ak B B 10.0%~54.0% ¢

g, M -MD1 . IV-LD 4k F it - SOD i 1 & 3% 14
o, 0 THEPT T 5 W30 ok 9 97 TS 0, %00 5 Ak 2
Syt R SOD fidi K 40 s 45 F . Bl 2¢ ATl 2d 7T
A, AR Ak 2 POD {6 ¥ 5 SOD ¥ 1 48 16 AL AR
o, MD1 &k B 5 K $2 3 POD 35 o 5 78 IV 39 K 45

http. // stbexb.alljournal.com.cn



242 KRR

%039 %

H G, CK.LD,MD1 4 ¥ f§ POD 7% 1 43 9 42 T+
21.6%0.38.8% . 12.1% , H R b A T . Wik,
POD 1% PEAE T -MD1 . IV-LD 4 45 K 638 F f2 W B
K, HBURIESE KO0 T LIV A POD 38 /K 43 8

~

W

[=3
1

(a) AR

650+

550+

4501

350

SODHB ALY AL BE/(U-2)

250 1 1 1 1 1 1 J
Ql Q2 Q3 Q4 Q5 Q6 Q7
HUREmS 1)

560 - (c) RSERARH
500 |-
440 |
380 |
320 |
260

PODL AL YE/(100U-g )

200 1 1 1 1
Ql Q2 Q3 Q4 Q5 Q6 Q7
YRR e 18]

(e) RS

A
—_
W
(=]
T

Ql Q2 Q3 Q4 Q5 Q¢ Q7
YR A ]

HI-LD — III-MD1——1II-MD2 ——1III-SD

—CK

. mE 2e FnIE 2000 I LIV B 0K Ab B
CAT ¥ % Bl # 7K 2 80 /D T8 55 , 1 CK A9 CATT i 7
WRAE R . 25 b, 0 A BE 2 K A BEAT (i - SOD |
POD 3% e Ko

~ TS0 (o) BN

W N
Wi w
(e) o
Z

W
(=)
T

(9%)
wn
(=)

SODM AL /(U- g
B

[3°)
wn
(=}

Q1 Q2 Q3 Q4 Qs Q6 Q7
TR ) i)

560 (d) et 18 Wk

500 1
440
380
320 F
20 |

PODIL 4 LA /(100U - g )

200 1 1 1 1 1 1 J
Ql Q2 Q3 Q4 Q5 Q6 Q7

Jivg el

250 -
(f) e i3]
230 |

210
190
170 |

CATH &AM/ (U-g )

150

130 I I I I I J
QL Q2 Q3 Q4 Q5 Q6 Q7

HUREI ]

—CK IV-LD - IV-MD1—-=-1V-MD2—--1V-SD

B2 AREFHASERGMH R RIPEEENZME

Fig. 2 [Effects of regulated deficit irrigation on leaf protective enzyme activities at different growth stages
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Table 2 Explained total variance in principal component

analysis
(R GRS WA - 5 A

% FEA FEA

)58 2]/ S8 Z//0

+ I SR/ % + Ir 2/ %
1 3.560 39.559  39.559  3.560 39.559 39.559
2 2.303 25.591 65.150 2.303 25.591 65.150
3 1.337 14.855 80.006  1.337 14.855 80.006
4 1.116 12.397 92.403 1.116 12.397 92.403
5 0.446  4.953 97.356
6 0.176 ~ 1.960 99.315
7 0.049  0.547  99.862
8 0.012  0.138 100.000
9 <€0.01 <<0.01 100.000

[0 = & X 53 5B BE FNHFE B =

Table 3 Standardized vectors, component matrix, and eigenvecto of the indicators for each treatment

Ak B AR R R AR ARmE A SOD POD CAT

CK —0.81 —0.35 —0.93 —0.40 —0.49 —0.60 0.57 —0.63 1.32

IM-LD 0.60 —0.09 2.05 —0.70 —0.48 0.58 —0.12 —0.32 0.56
IIl-MD1 —0.94 1.95 —0.47 —1.06 —0.38 0.67 0.80 0.97 —0.23
M-MD2 —1.73 1.14 0.31 —0.77 —0.96 1.66 —0.85 0.07 —0.34
IM-SD —0.24 0.38 —0.08 —1.15 —1.30 —1.08 —1.49 —1.13 —1.36
IV-LD 1.42 —0.30 1.11 0.96 1.11 —0.40 0.47 0.42 0.60
IV-MD1 0.62 —0.97 —0.86 0.99 0.15 —0.70 1.77 1.94 1.32
IV-MD2 0.65 —0.76 —0.54 1.34 1.79 1.01 —0.39 —0.17 —0.80
IV-SD 0.44 —1.00 —0.59 0.79 0.56 —1.13 —0.76 —1.15 —1.08

Al 0.23 —0.22 —0.04 0.26 0.22 —0.10 0.16 0.10 0.12

A2 —0.14 0.18 —0.02 —0.09 —0.10 0.15 0.34 0.36 0.31

B 53

A3 0.21 0.12 0.60 0.07 0.23 0.51 —0.11 0.07 —0.05

Ad —0.26 0.15 —0.52 0.26 0.36 0.42 —0.05 0.15 —0.37

Q1 0.43 —0.42 —0.07 0.48 0.42 —0.19 0.30 0.20 0.23

Q2 —0.21 0.27 —0.03 —0.13 —0.15 0.22 0.52 0.55 0.47

FRAE i

Q3 0.24 0.14 0.69 0.08 0.27 0.59 —0.12 0.08 —0.05

Q4 —0.28 0.15 —0.55 0.28 0.38 0.44 —0.05 0.16 —0.39

WAL A2 A3 AL R T 5 2 55 3 58 4 U M, QL.Q2.
MHEESETEFINMAEXR

H Pearson e/ (R 5XWT ML, M A AR 5K
5 A (p<L0.05), 5 I A A AL
FIEAX RS IS AL B E RARC, 145
THAR 5 A R 02 TEAEE (p<<0.0D),

ik — R R 5 LR o Z IR R AE DG 38

2.5

Q3. Q45 BIREE 155 2 55 3 58 4 HRAE ) 4 .

Aok X 6 1 [ 5% Ak B 7 O BBORE A o 2% 2 R R Ak
F10 S A G A R | A 0 R
WFR B B B S R A T M R AR S AT, A S
F IR BRI B L= R LW R 5 L A 3O 5 TR
TR TR B Y = Cy s TSR 5 . AT B0 5y SR ALH)
ZIE R R OCOE R R F TR SR 25 R WK 6.
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Table 4 Principal component composite score

ihm R ég:jg g
Y1 Y2 Y3 Y4 (i
CK  —0.04 045 —138 —050 —0.18 6
M-LD  —0.25 0.07 143 —160 —0.07 5
II-MD1 —0.86  1.27 —0.07 0.83 0.08 4
II-MD2 —1.41 047  0.64 0.77 —0.27 7
MM-sb  —1.13 —1.17 —0.84 —0.67 —1.03 9
IV-LD 1.07 —0.02  1.00 —0.68 052 2
V-MD1 140 1.27 —0.87 —0.10 079 1
V-MD2 081 —0.80  0.81 171 049 3
IV-SD 0.42 —1.53 —0.72 0.25 —0.32 8

WY1 Y2, Y3 Y45 BIREE 156 2 58 3 5 4 B 54,
x5 TESHRAFHIEREXRE
Table 5 Correlation coefficients between soil and leaf

nutrient indices

ff; WE OBE OWE OWAR A Jff‘
AR 1

wxE —0704 1

ME  —0.204 0134 1

A 07130 —0.779° —0.211 1

B 06917 —0.566 —0.092  0.904" 1

A —0.405 0.513 0.290 —0.188 —0.026 1
T R R p<0. 055 %+ KR p=<<0. 01,
k6 MASTEFRSRESHABMBAXITEEZUERE

Table 6 Significance test of typical correlation analysis

between leaf and soil nutrient contents

e *H%é Wilk's P aFH AiA
R HIE A
0.878  0.177  17.945 9 156 0.001
2 0125 0775  4.420 4 130 0.259
30075 0994  0.373 1 66 0.543

ARFFT R YR R BCS0.3, KRR D
Fo MR, 2AHMEREGERE R RS 14 L,
Y AH 5 R BN IE 1) 0.878, p=0.001, ik F # i 35 /K
- (p<<0.01), Fe B H A 5 1 21 ol A 5 g 2% M % &7
HA Ge T2 38 S, Be % 70 43 Ml ff B¢ 1 HE SR 43 L, It
R34y Y, 2 4R B AR AR R 5R 55 06 2R o AR A i R

M EE R, R 350 L5 1374y Y, 2 4136 45

B HE AL 5 0 BE 20L 5 A C A R
L,=—0.413,+0.522/,+0.372/, (1)
Y,=—0.635y,—0.176y,+0.374y, (2)
L,=0.878Y, (3)

Je T il AU M R G 23 A 4 SR R AT Y 45 A 4 By
(O RTHD, 35 b | 3% 4 Z [ A O 87.80%

MR R R RLER R R g 43 )l — 0.801
0.852 F1 0.603 5 &= 8 fiF§ 25 &0 AT 550 Wl 11 207 11 e 7
# i 2r B  —0.942, —0.768 #10.715, M H F5 4
BR AENFEEZmIEIL, AR SR ZH 2 IE
M, ZHEBSARE0ME; L ERESPHEEN
FEZ Wb, B SRS A B 2 A 2 E A,
5 A R R o6 A S BRI R 5
FAREIEMG, S8R B RS 0AAHC; + 5L
M FRARZOMC, 5ER MRZIEME, 1
AR BE B R EESE AR A R
2478 1 R DG %) 8 XN R BN /NG00 R Lo Ly e
Vo Ly, B OCPE BB, 3 W+ 8 vh R o 5% 43 o 0 40
ANAY B TR S R O IR A R R I 3 R
M) AL 0 % JEG At % 4 B4 W WA, = 8 5 0 1) ST A R A ke
YR ERERFRIE I MEREFTFEAEXEE
F I8 1 1R o

B4 MAFSSIERSHABBXRBEN

Structure of correlation coefficients between leaf

Fig. 4
nutrient and soil nutrient

3 it g
31 BATERNTEFRSINF M

B IR R R B A K R Em Y AR R
IR A3 SRS R 5 LR IR A O, B2
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M T2 AR R K S BB R BRI K
Gy FIFE AT 0 ELAE RS o B 2 S Bl T /K ek 1 g ik
ERIN SRR RV K B RO, A R T A
() BB AN Bl A HLAEU R Ak A EUIE R i Ak AL R
BT 77 A T 22 (R i 2 20, T K TR R BB K 3 7 i R A
R JE T RS, g B it FIVE K B L E L, 2 82
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SR B S R B VIR R 2 L
I3 1 RIS, — T PR IV S RE K N 3543 i
P 5y — I T HE R K o AN TR A 4 1 5% R 7R
K, N R K gy s g, N 3l 3R 4 b
R T LATE BE (14 7K 43 W 36 AT i 3% o B vh ZE AR R R 1]
B R TFAE W S5 R
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