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Strategy for Moisture Targeted Driven Reshaping of Root Morphology in
Yunnan Macadamia Seedlings via Multi-point Root-zone Micro-irrigation
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KONG Linggiong® YANG Zhenjie' YANG Wencai'
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Abstract; Multi-point root zone micro-irrigation ( MRMI) is a promising technology for precision water
management, particularly for shallow-rooted crops in soils with high water-holding capacity. Aiming to
address the weak stress tolerance of shallow root systems in native macadamia trees, a condition resulting
from low-phosphorus strategies. By utilizing the high water-holding capacity of Yunnan red soil, a
targeted, 4-point spatial micro-irrigation strategy was proposed and validated to steer and remodel root
morphology in seedlings. Field greenhouse experiments indicated that under a time-differentiated
irrigation regime ( The total daily irrigation amounts were 1. 08 mm, 0. 83 mm, and 0. 58 mm for months
of 0 ~4, 5 ~8, and 9 ~ 12, respectively. ), both MRMI and surface drip irrigation ( SDI) created
vertical soil moisture gradients. However, the gradients under MRMI were more stable and concentrated.

At 1. 08 mm and 0. 83 mm application rates, MRMI established a suitable soil moisture range (0.30 ~
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0.35 em’/cm’) in the middle and deep layers (20 ~40 cm). At the 0. 58 mm rate, the 40 cm soil layer
also remained consistently within this range, thereby creating effective moisture-driven conditions for
horizontal expansion and deep vertical penetration of the roots. At the 12th month, root sample metrics
showed that indicators for MRMI in the shallow and deep layers were significantly different from those for
SDI (p <0.01), while root length density ( RLD) and root volume ( RV) in the middle layer showed
significant differences (p <0.05). Compared with SDI, MRMI reduced the horizontal spread of the root
system by 17. 95% while increasing its vertical penetration depth by 23. 53% . This fostered the evolution
of a multi-tiered, near-bell-shaped root architecture, characterized by moderate horizontal spread and
significant vertical penetration, which enhanced the root system’s dual capacity for absorbing both soil
water and nutrients. The research presented an innovative irrigation-based strategy to overcome
morphological defects in crop roots, offering new insights for cultivating stress tolerance in shallow-rooted,
sparsely planted crops.

Key words: multi-point root-zone micro-irrigation; moisture targeted distribution; Yunnan macadamia
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Tab.1 Physical properties of Yunnan laterite in

experimental area

TR E/ + HEAURL & L6/ % KH/
cm FhokL iR TA B R (g-cm_3)
0~10 19. 20 45. 88 34.92 1.32
10 ~20 19. 80 44. 67 35.53 1.36
20 ~30 17.97 48.37 33. 66 1.40
30 ~40 17.93 44. 89 37.18 1.44




5 6 3]

RIS G MR IX 2 U K o3 HE i BE Bl 2 R I e SRR &)y 1 AR R R 2 o B R SR 349

1.2 REFHZE
1.2.1 KKt

MRMI 4 K 5 W 36 A i B an &l 1 fr o o MR 3
25 T T 1 SRR &) AR R R W] g RE XX K 43 R oK
(0 22 5, 78 T AN [] )22 T 43 o) 430 B K A% (B8 R0
LA e Kooy An (REAL) , FF I8 WGl B & K X
o, R 2 DB A D KR A X g K
B 00 AR ) R, T A R )2 XN Y 3SR K
R X B B AR ) R R AL, R K A
) 8 1) 3R 8, SR R OK 5 3R O N 2 4E RS

Z AU

AL IR AR DA AR G 2 R Ay (0 H 2
JEE) BT 4 I, L K 3 AR I )2 K 43 R 3R B
MRMI 4 A~ K 2% 5t 25 18] 1E 28 A oy, BRI v )2 I )2
T A BEA 2 A AR A AR PO R K R HL 2
JEVE K #5 19 K O % 2 25 TR AR I B S CE A K R
DX [ 2 AR 4 R U SR R YT A A
A LS I 2 5 ) ) B Bk BORR X 9R  AT L RR
FARPBC RS 09 AR AR 38 o T MRk AR AR
W, H Y 0.30 ~0.35 em’/em® |, DL Ky 7K 43 #
X OK Sl AR ZR o A K

3 5 #ts
T i K& LR WK SE
l M TREEX
: KA X
— ()
BEEKRE > WEK ARG 53 > FARBAL
X []
ok N | ~y
B Rk xH WX RGAE REVEELE
AR Ll ‘ Y
Y
> BRI 534 y.o» MR =
1 MRMI EA J5t 3 5]
Fig. 1 Basic schematic of MRMI
T B B T K RAE 122 {EE

AT RO X R T 2 (R 2) o R T & AL
P RE (LAE fag B SDI) g X HR, 75 I 2 KA IT FE A
W2 AR m RN R R R ERAE. 2
FRPREA 22 Y R, BB H S PO K B R 0. 83 ~
1.25 mm, 768U B A, 23 3 A K Be ik ik
128 R R T 3 b 2 S A E T A R AT K A A A B H
HEOK S A 5 O 1. 08 ,0. 83 ,0. 58 mm (A 4 4~ A 4K
YA ) o RS 4 ) 20 T R AR X - K 73 3l 245
ICRLR faf B SMDT) FIAR 282 25 WL ( LA fi] B
RSMT) , it 2 %o 3 2 A~ 1 56 WL 435 s 1) 40 2 B 5
Xt AT, 56 0F I #8 75 MRMI % A 5 s T $2 1) 7K 43
3 A1 X AR AR 2 I A A R LA B A AR SR S AL

F2 HBEHFR
Tab.2 Experimental design plan

I I 2 S5 A9 K o) 12

R FEK B /mm W B/
HERBIO0 ~4 4 1) 1.08 2
RS <8 A1) 0.83 2
EREW(9 ~12 4 1) 0. 58 )

IR E 2l PE JKAS (455 3000 L, JH 5
T ERL S A B A R L AR AR 48 (600 mm x
500 mm x 200 mm, [ R BB A RA ) b
o E 4 4 2% (CSZP — ISMART 78 | B 5 585 0 42 b B
BAHMWRAF) &R A i8 4% (AZUD — CS — M100
AL, V9 BEZF BT 95 48 8 W) ) L R ) 3R (CSSD — 960 —
1.6 MPa AU, ¥ 1. 3% a1 X 3R A IR 2 w6 ) . 1|
(TORO — EZP —23 —54 # L EHIEX A w]) L KLE T
M Sk (PCJO4 — 4.0L/h A, TAEJE /7 0.13 ~
0.4 MPa, L\ {451 Tiif ¢ JE 4 NETAFIM ) 55 38 44 #4 B .
MRMI FI SDT 256 /I8 X e 1] — 22 4 B 1) 2 e o T8t 4%
Tl (E 2e.2g) , 30580 59 K U5 B K 4 6% 4%, 18 0
K ZRE R K A8 Bl I (ToT) 552 Fsf ey I 0 5 4 38
W AR AN K R TR S AL e K o
MRS 2 =6, UF 58 B3 i 28 i 152 & iR 47 55 B
W, 75 G HE R 56, MRMI 1 SDI /) X 4% Fift i
50 BRARW AT, R AT — 8 — ) 7 A B, BRAT IR
N 1mx1m(K 2a.2b.2d 2e),

G A2, SMDT A1 RSMT 556 [ 45 904 7 $icde 2%



350

YA A A S 4

2026 4

ST AERIE LI
@ SDIX ISR
|| @MRMIX % izt

Im

(d) SDIH/NX S

feo Hopr, SMDT i J A8 5X 70 2 4 4 s WA (PR —
3000 —TR — 6 —4S — NO1 %I, 111 4% % B s F LA R
O3] ) Bl M AR X A S K SRR A, W IS
G R 6 v 300 SR P R 0 R AT B R I RS 56
MR E /N X 2R 4 B AL, B B I L2 RS
XF R EERR AR B 20 em (8] 2f) , B304 T 4 BREERE 4
AR TT AL, 4 AR 24 (R AR L 56/ X %)
B DAY B A K A R B o M A 30 min SR AR —
AR DX AE 10 em J5ERE (00 Y5 ] 10 ~ 40 em) 1345
KRR BT 300 d (3 A 4 4 45 3 45 B B I )
A 1240 B AR K AN 4 4 % —
UCTEE ) BE (3% 2) . RSMT i F AR 2 1 4 43 #r AX
(Epson Perfection V850 Pro, }§ T. & A= /N &) ) Ml €
WARFASH AR ILIEAT 3 W (R4 D 1) )
IPERAE o SRAEWS, S A6 DX B IS BRZE K
ARVBEAR LR B, 92 9 AR 2, 5 W /K T ok T L
oK g3 s 9K 5+ BR BH B b TR B A0 AR D 2 (0 ~
10 cm) (FFJZ (10 ~20 cm) FAIEJZ ( >20 em)3 L
T IE), I A IBORE 5 Adb 5 38 a1 AR T 3
SR RBOR R AR i )5, 12 JH WinRHIZO i &
O3 TR BRI AT AR A AR K 25 B AR R T AR AR AR AR
FPFYE AR 4 TR R EEIRESHEE .
1.2.3 kb re

¥ H Microsoft Office Excel 2021 Fi1 DPS v19. 05
WPk S 40 BT, i Origin 2021 ( OriginLab, % /)
PEAT 22 18 5 5080 o #r o

2 HRESMN

2.1 SMDTiRBERSHH
Y 22 5 Ak T Bk OR W T, B 2 R R OB AT
100 d (F) 4 250 2 8 Wi A4S s i B s ), & 4 4

g W e
I’ ) 3
v A
Vi N
1
n
STy
/
/
/
/
y .

L (b) MRMBRT/NK A AR

(e) SDLR BN LI iy

0 Bt iRt
VA 5
K2 ke s5kaEnEr

Fig.2  Schematics of experimental apparatus and setup
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Fig.3 Dynamic changes of soil moisture content in root zone of Yunnan macadamia seedlings under MRMI and SDI
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Tab.3 Comparison of main root system morphological indicators of Yunnan macadamia seedlings
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Fig.4 MRMI targets water distribution to remodel root morphology in Yunnan macadamia seedlings
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