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Abstract: [Objective] To investigate the regulation effects of green manure cover on soil water and heat
dynamic characteristics and rainfall response in citrus orchards, with the aim of providing a scientific basis
for green manure selection and rainfed water-saving management. [Method] Using a citrus orchard at the
Lijian Experimental Base of the Guangxi Academy of Agricultural Sciences in Wuming, Guangxi, as the
study site, four green manure cover treatments were established: Vicia villosa (T1), Raphanus sativus (T2),
Arachis pintoi (T3) and mixed sowing (T4). Soil moisture and temperature in the 0—20 cm and 20—40 cm
layers were continuously monitored from February to June 2025. Clean tillage (CK) was used as the control.
Soil moisture and temperature changes in the 0—20 cm and 20—40 cm soil layers were continuously
monitored from February to June 2025. By integrating data on typical rainfall events with citrus yield and
fruit quality indicators, this study analyzed the effects of different green manure cover treatments on soil
water and heat dynamics, rainfall response characteristics, and citrus growth. [Result] (1) Grass manure
cover significantly altered the soil moisture dynamics. Under the T3 treatment, soil moisture in the 0—20 cm
layer exhibited a “sawtooth-like” fluctuation, ranging from 2.66%—43.61%, indicating the strongest water
retention in the surface layer. Under the T2 treatment, soil moisture in 20—40 cm layer was maintained
within 5.12%—33.53%, showing a clear advantage in deep-layer water replenishment, characterized by a
“dry upper layer and moist lower layer” pattern. (2) Compared with the CK treatment, grass manure cover
played a significant role in buffering temperature fluctuations. Among the treatments, T4 showed the best
performance in maintaining higher temperatures in early spring and cooling in summer.Compared with the
clean tillage treatment, green manure cover played a significant role in buffering soil temperature
fluctuations. Among the treatments, T4 showed the best performance in maintaining higher temperatures in
early spring and warming the lower soil layer during summer. (3) Green manure mulch significantly
improved soil moisture conditions in citrus orchards during rainfall events. Under light and moderate rainfall
conditions, it primarily helped retain moisture and slow evaporation, while under heavy rainfall conditions, it
promoted rainfall infiltration and deep-layer water storage. Specifically, the T3 and T2 treatments exhibited
higher soil moisture content in the 20—40 cm soil layer, demonstrating stronger deep-layer water retention
capacity. (4) Green manure coverage significantly increased single-tree citrus yield and improved certain
fruit quality traits, with the T3 treatment achieving the highest average yield. [Conclusion] Green manure
cover can significantly improve the soil hydrothermal environment in the root zone of citrus orchards,
enhances rainfall regulation and storage capacity, and slow the rate of soil moisture depletion. Citrus yield
and fruit quality varied among different green manure coverage treatments. Arachis pintoi was the most
effective for yield improvement, Raphanus sativus and mixed coverage performed better in enhancing fruit
quality. Proper selection of green manure coverage can simultaneously optimize soil moisture retention and
citrus production. These findings provide practical guidance for the scientific selection of green manure and
efficient water resource management in citrus orchards in the hilly regions of southern China.

Key words: citrus orchards; green manure management; grass manure cover; rainfall infiltration; water-heat

dynamic; soil hydrology
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Tab. 1 Basic physical and chemical properties of soil under different grass cover treatments
Bk R R
CK 5.63¢ 1.38a 0.89¢ 46.84c 34.98b 11.86bc 15.66¢ 27.40c 37.6b  35.6a  26.8b
T1 5.70bc 1.30a 0.88¢c 47.96¢ 37.09ab 10.871¢ 21.82a 66.37a 38.0b 33.0a 27.7a
T2 5.93ab 1.27a 1.94a 52.91ab 36.25ab 16.66ab 15.79¢ 23.49¢ 39.0b 349a  26.2b
T3 6.06a 1.33a 1.42ab 49.75b 37.26a 12.49b 18.02b 45.50b 40.8a  36.7a  22.5¢
T4 5.84b 1.28a 1.24b 53.05a 35.83ab 17.22a 19.19ab 25.51c 399b  35.5a  24.6b

VE: CKLJEHE T1 638 785, T2, IRHEY NS T3, PIUeA s T4 BEE S AA/NS RSB RAFEAIL 2 [FA/EEE Z 7P <0.05).
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Fig. 2 Changes in rainfall and temperature in citrus orchards,
February to June 2025
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Fig. 3 Soil moisture changes under raw grass manure cover,
February to June 2025
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Fig. 5 Change in average soil temperature under raw grass manure cover, February to June 2025



74 B S/ N 2 NI B I 74 ¥ 48 &
E 0 ' g 0
i W B CK
ik 40 & 40
H Q2 9 > g P +H 06-10 06-11
¢ & & ¢ & 1
Hi
g 5, -
2 0l N 2 0
M 40(\ j:i%f m\M 40 AN NN
H /\% /\Q D ;»\ /fQ' /e{,‘) /q} P +H 06-10 06—-11 -3
Q'\, Q’\/ Q’\/ Q’\,/ Q’» Q’\/ Q’» Q’» &) 7J(%§ % El %ﬁ /F¥\7k % 1%
g g 30
o o
- 20 3
IK T 40 L~ 25
H H 06-10 06-11
15 H 20
8 E s
M M 0 VASSHAELV4 \AJ/
@ 10 & 20
K K 40 10
+ H 06-10 06-11
5 H 1 5
= £
o o
i m 0
% K 20
i LK 40
+ H 06-10 06-11
H i
g ” g
E 4r SEE=N=N 15 o E 6F —=—72=5 135 &
0 T} 9 I = 0 2517
EL & 9 & 2 & & 9 3 06-10 06-11
/ / / % v v 2% v
NN N AN N Y \V4 H 1

6 /NFISHE N AN RIS B ) sl S

Fig. 6 Soil dynamics of different grass manure cover under light rain events

FRAE o Horf T1 ALER A B 8] 5 CK AHE, )2
TSR E BRSNS FIHES, RS T CK;
20 ~ 40cm L2 CH PR SE I, BEAARA R EE “ B
N7 B4 AR REAE o« T2 AbFE A B B 5 AR b B T A2
20 ~ 40 em LR E/KE RN, B 5 REEKE
B R WG AEA T2 SR B 4 SN g 1
b, 6T 2 H 23 HikFEAE, 0~20 cm F1 20 ~ 40 cm
+ B A KB RN 3.34%, KL HE MEEA
AEIFMIRENBIE KAL), T3 HEETERE W ATR
WARBECKERTIRZ, BNEWDNLZEEKE
Y 52 N, VR 43 ik B 22.72% 1 14.59%. T4
5 T3 Lb BT P R R0 97 B[R] S AR — 5, 2 T4 Ab#E
P B S KB BRI, 5] T ash, w5 5
N 21.05% A1 12.31%, S~ BT 7K 50 i B

6 H 10 H &4 P 5 5 /N S, 135 5 RN
JE o4 1.90 mm/h. 5 2 A 20 H K AR 50 B R
TR, & Ab B 4458 /K B3R I — S (13 )5 1)
I FAE . SR, B RN RT T1 A0 T3 bR 385 K&
S CHMET R MEES AR, 52 A FMAEE

BE 2 5 (B 7). CK AEIAT IS4 2 h, H AR5 /KE
Wi B AR T S SRR AL, K ITE R A RN
BREKRE M B 5. ML N, SRR o5 A EE
F BAE R PG B U g N, S KR AR
MR G 2 h WIS BIEAE, Bl 5 2218~ B 12 &
FRasE . Hod T3 AFE 0 ~ 20 om - JZ 5 B 7R Wi 10 £
P, EK BRI K T4 AR 20 ~ 40 em )25
KEFRT 0~20 cm T ZTFLE N, ik B f5 A
TR EKE R TR, B ER K 5
REJJ . ERKE, TR/ AT, SRAETE 5 Re 6 3 0
BT [ WY ) e B BB 7, A B0 S B S K
oy TR, R B R RK ORI AR . B 2=
FTHEHE R AR T L ARECTIE R A B, SRR 55 AR Y
T A LK o 2R, HARIR AR — P S
232 TEFEHTHLEAIFHETN

5 H 9 H R Dy i R 0 v S A, S 28 B T A
FEJ9 10 mm/he FERERT, CK ALFE T 4385 K B R A%
Hr, CK. T2 F1 T3 b BEXIRIHN 0~ 20 cm L2 E
KEFT 20 ~40 cm - Z, {H CK A F L FJEK 5



b
oo
&

IS SE - SR A AT ] 3K B AL 52 R

75

-
0 b m MMM
I 40
H 05-08 05-09 05-10 05-11
5, H iy
2 [
M Tl ‘ +3%
e MWW FoK /%
Ik 40 | i s
H 05-08 05-09 05-10 05-11
H b
£
23
L o
Ik 40 18
H 05-08 05-09 05-10 05-11
H b
13
C IR LM
=20
ISy 8
Ik 40
H 05-08 05-09 05-10 05-11
. H 1) 3
S 0
N
LK 40
+H 05-08 05-09 05-10 05-11
. H b
25 ,
£30 - [ — <l |30 €
IH 30 =
g or
® 0 20
05-08 05-09 05-10 05-11
H iy

FEFEE/m  FEERE/em  HEEE/em FEEE/em  HEEE/em

¥4 T} H/mm

I i
Wl AN
o Il |
06-18 06-19 06-20 06-21

H
0 r w i
20 Aig?

&K%

40 4
06-18 06-19 06-20 06-21

H 1
Orm 29
20
40
06-18 06-19 06-20 06-21 | |og

H
0
20 FE /V; ; l:' A;n Ngzmpm;/! I: 19
40 A .
06-18 06-19 06-20 06-21

H 1 14
[N VW
20
40
06-18 06-19 06-20 06-21

H

R — R |

5 R — R, s
0 l 25 ¥
06-18 06-19 06-20 06-21

H

7 RS T AR SILE 5 0 RS A

Fig. 7 Soil dynamics of different grass manure cover under moderate rainfall events
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rainfall events
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manure coverings in 2024

R3 2024 FMBERERESN
Tab. 3 Quality analysis of citrus fruit in 2024

yosi 1§42/ mm HfF/mm A E/% A (g/L)
CK 76.85 + 1.73ab 61.90 + 0.69a 76.30 + 0.60a 97.29 + 3.20ab
T1 75.07 £ 1.37b 60.09 £+ 1.39a 78.30 + 0.40a 103.86 = 12.38ab
T2 77.15 + 1.36ab 62.48 +1.69a 78.50 + 0.80a 106.34 + 6.22a
T3 74.99 +2.34b 60.70 + 0.80a 77.30 + 1.40a 93.68 + 3.45b
T4 79.12 +£2.58a 62.47 +1.05a 76.40 + 1.30a 107.98 £ 7.41a
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