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and spatial rainfall distribution, leading to insufficient water supply during key growth stages of fruit trees. This
study aims to evaluate the effectiveness of a rain collection and infiltration carburizing technology (RCIC) in
improving the utilization of precipitation resources in apple orchards on the Weibei dryland. [ Methods ] This study
used conventional organic mulching management as the control (CK) , and investigated the impact of RCIC on
orchard soil moisture and its deficit status, apple tree root growth, photosynthetic characteristics, apple yield, and
rainfall use efficiency (RUE). [Results] RCIC significantly promoted soil water infiltration into deeper layers
through a "surface interception-deep infiltration" mechanism. The effective infiltration depth reached 80 cm, and
the main water use layer shifted from 20—40 cm in CK to 40—60 cm under RCIC. Compared with CK, the
average water storage in the 0 — 80 c¢m soil layer increased by 14.71% in 2021 and 8.57% (p<<0.01) in 2022.
During the drought period in 2022, RCIC reduced water deficit (W) in the 40—80 cm soil layer by 3.09%,
overcoming the spatial limitation of surface-level irrigation in traditional systems. After RCIC implementation, the
fine root length density in the 0— 100 cm soil layer increased by 21.3% to 25.8% , and photosynthetic water use
efficiency (WUE) improved by 24.01% to 80.49% (p<C0.01). The apple yield and RUE during 2021— 2022
were significantly increased by 14.1% to 16.64% (p<<0.05) compared to CK. [Conclusion] RCIC enables
precipitation in apple orchards to converge, accumulate, infiltrate shallowly and deeply, and redistribute along tree
rows during the rainy season. This process compensates for deep soil moisture loss and promotes root extension. It
further enhances net photosynthetic rate, rainfall utilization efficiency, and yield. These findings provide
theoretical and data support for the coordinated and efficient use of both precipitation and irrigation water resources
in rain-fed orchard systems.

Keywords: Weibei dryland ; dwarfing and densely planting apple orchards; soil moisture; root distribution; rainfall

utilization efficiency
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Fig.3 Schematic cross—sectional layout of rain collection and infiltration carburizing technology
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Fig. 4 Changes in soil moisture content at different growth stages and soil depths of apple trees in 2021 and 2022
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Fig. 5 Soil moisture deficit at 0—80 cm depth during different growth stages of apple trees in 2021 and 2022
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Table 1 Characteristics of changes in net photosynthetic rate and photosynthetic water use efficiency of apple leaves at

different stages

25 1 fh Ot A R G 7K o B BCR
) (Pn)/Cumol-m *+s ' CO,) (WUE)/(mmol*m *-s ' CO,)
RCIC 17.09+2.07 2.6540.45
1
AARERM CK 15.50+3.01 2.14-+0.41
RCIC 16.07+2.95" 2.6540.87"
S A !
R I CK 12.00+2.04 1.4740.15
RCIC 9.63+2.89 1.97+0.76
S
R CK 9.2044.79 1.66--0.62

T+ 3RR 5 CKAM L2 5 i3 (p<<0. 05) s+ /R 5 CKAH L 22 51 1 3% (p<<0. 01 F I,

25 MBAEERZSABEREANEREE5ET
DR SR
2021 47 5 2022 4 AN [R] Ab B T 32 5 7 i 5 1 W R
R (RUE) S AR A% I WL 3¢ 2, RCIC 4b 343 IR 2 i i

RUE A7 & 2 % I (p<<0.05) . 2021 4F , A L oF A8 4b
RCIC 4B R 3R 5 5 RUE i #4275 16.64% ,20224F,
RCIC 4b B R 3 5 =4 5 RUE I #4255 14.10% ., RCIC
HEBE 2 a i F P A 1 SRR HIRCR(RUE)

F2 RCICXH 2021 E5202 58 ¥ R~E5KWAANENZIN
Table 2 Effects of RCIC on apple yield and rainfall utilization efficiency in 2021 and 2022

ARy JLgL e/ (kg-hm ™) [ T A B 2% R (RUED / (kg +hm 2+ mm ™D
b021 RCIC 51 862.54+7 837.56° 40.3746.10°
CK 44 463.13+6 404.19 34.61+4.99
2022 RCIC 38 626.84+ 3 123.96° 55.3244.47
CK 33 854.44+4 666.09 48.4946.68
3 it g R/NARR TR K AR R IR 2 A B HOR (RWCDAR

o TR X G R IX K AR, H AT
AN AR 5 e, SRR A A A R O 2 A E K
IR AR RIEF A K. TR SR LET
FR RV My koK, AT S R AR AR K R ROt R B I
WA ARG R, RCIC &R 5% 35 42 7 30
AT HREZE LK

TR K GU it~ AR 1 )2 58K 5353 i Rk =
W, WK SR IR R A B AR ST 4 ek oy ks 1 3 A R
TR R AR RS W R, F AR R
36 AT RN A K oy s BRR R SO gT R I, R
BRI AR K, A 5 78 5 1 2 A R el o
X RCIC RGEHAT 2 a 13K 3 Wil 2 B, RCIC R 4¢
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EHIIN0~80 cm + 2 3K 43, RCIC REENA LY
RHATE 25 B AAE KB S HETE A 5, X 0~80 cm
TR HIEGORAE BN B 8, 50 A CF 3k R it
Xof = K S L A9 45 SR AR — B

SR E R 2 K A i B T 5 O AR SR AR 2R
AR BT - K 43 5 3% 43 B MR M, 3 T R S AR
ST TR B A AR R S 4 T TE 4 R 4 1 [
BF, AT 4 g S SR AR I e A AR 506G Kk A TR
R RCIC R G0 0 & S 44 F W2 1
K53 AR AIE J Ak %% A AR el v S R R LE B AN AR R
K B AT 2R, RCIC AT 38 o 4 1k = 38K 43 I 25 43
A7 TR A 32 SRR AR R R AL 1) 3 2 0 ", 7
TRAEQO22H IR FF IR 2 L HOK A RaE . 5
AN RCIC RGET R F 19356 4 H% e h Ko
FI R SE 5™ 5 R R AR B R T, X
B e [ AR SR Bl AT A P LA SR A

FEIK SEE AR B AR i R S0 (RCIC) Sl 1 W FE R
KRR A3, 3 1 I A SRR R A KA AR X R
IBE I8 B T AR 7K 1 Bk (2 4 5, DT 384 i Jic 2 13
(40~100 cm) K 435 35243 AR 2R A KW (2 a3
RRA K R F B e SR 5 5l B 7 e R K S A I
FEYGEIEACR D7 vk o R RT3 A R A AN AR 1 2 ) i
FIE AR AR A A ) 5 4, N ITRTAFL ) 26 K R 7 R
T BhAS G5 W 4 B A — 2 Y R ™ RCIC R 42
SETEBAT P AL WA AR ROK SR B DR BT A4
HFE AR B AR 25 R SR AT AR R SRR B
TR, R VA N R LA B A ROHIREE N
40 cm, #E AR B R MR K BB A 40 ) 40 cm
PUR R X 3 (R R A i PR R B
I K 1) AR, PRl , RCIC 2R 40 vl 3 i 5 % B4 AR 2R
[) A R A AR RE 2 RS AR R I 4 A (2 R AR 2R ) F 4E
iy, B ARSI, RCIC 28 G0 ) 128 A 5 A S el S SR AR
F B A i AR S A T i — 2B AR
4 % it

1R K 4R 3 42 9 O 305 1 Ik & 48 (RCIC Ui % [
W, I J5 % A 8K 43 7= 2 52 m ml 4 K 2 4 TR
B 80 cm Ab , Ho v 72w e K 12 K 40~60 cm, H
LA ALY 35 A H CCRO X+ HE K S 5w o K i)+ 2
S 20~40 cm )7 o FE TR S AR B R4 T
50T, RCIC &b B AT 5 3% $2 55 20~80 em + 2 +
IK G RFR AT E, 2 a5 il B 14.71 % F1 8.57 % 6

2)RCIC R Gt il o) % 17 3 0 5 )2 B S L K
E£ERKEERZZEFERMR R RKX (20~
40 cm) , 75 T A7 A R0 i 0 2F 10 5 SR S0 1 R TR )=
1 48 (40~80 cm) 7K 43 77 Bk, SEMAL L R 1K

I3 AN R E AR M

3) 5%t BEAH E, RCIC F 4t i 4 1k + 5K 43 it
25 O3 FT A 8 AR A S AR AR R K 43 W 2R 2 4
SE RN, I ELIE I 0~100 em 4 2 HSE R 20 #R AR
K% R RS XA

DORCIC F iM% i 2 4 o 39 4 58 I Kt
Ot A R 5 A K o R RCER B 4 5k
33.92% 15 80.49% (p<<0.01) , 3 J 7= 5 & 1 A J
BRPE T 14.1%~16.64%

S % 3k
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