B ZF R 2026,43(2): 294-308

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20250370

R 39020 [ FEE B X R AR R R B AR R R
L5 R TR 7K AR 1B 7 AV B U
A A BB, B &AL T L0 AL FEAET TR
KRR S £ 25, U1 750021 ° 5K Ak 1| 750021

i E:[Ba9 )5 FoHEE ) HE 8 (root-zone targeting irrigation, RTD X 4] A1 AR F M) 2 K -3 /K IEiE #2152 [ 755k ]
DA 2 45 A5 R IR 8 A DRI A R, 12 4 AN b - R BILR HE (drip irrigation, DD . 100% RTI.75% RTIAI50% RTI,
I3 M H AR FR I F7 5 45 4 AN IR 1 2 (0~60 em) 7K 733 F A - 0 4 A 250l AR AT LR S I e (45
RICD K BE LS R B, RTTACHEUE TR /K 5 B % 2 AR R A0 X 3k, (782 TR K 2 AT DL
i, (2)7F 144 DAP, 100% RTT 4 FI R 95 /1 8% & T DI A, /2 DI AL # 1.23 £% 5 (3)7E 144 DAP, 75% RTI Al
50% RTT 4b 22 1) 587 5% 15 43 1) LG DI AR 3 15 25% R 100% , 11 5 7 ~F 250 B 4% W) 2 A0 e a3, 4 3l bE DT AR 3G 19%
97%; (4)DI AL HE 537 0~20 om 3K 2 I IR0 035 5 4, FLOIUAR 280 A 80 L T %0 A A LT 7% B2 9 RTTAR B 1.54~
3.10 4%, HIEJE (30~60 cm) H 357 7 BRI T RTIARFE . RTI AL 1 5 [ 7K 49 i2% BR 5 3540 1) W 28 35 4240 A X T
%, 21 100% RTIAREE T 20~60 em L Z TR S0 AR08 TG KA MU & 83 DLAR 15 1.19~1.34 1%, 75% RTLAREE
T 20~60 cm +J2 3750 & B DUR LSS RN P MBI IRTUR FLE L (AR R S 40 SR )2 £ 3E3R 0 A, “ R
JEIRFE R SR g BB AR K 4 2R R SRR S U IR B %, S SRR R BT BRI R SR A R AR AT R IX
BTG BRI T BB AR

SRR IR T AR LR 2 5 AR [ VR s AR R s LR IR

FE DS :5663.1 XRKFRASED : A XEHRS :1009-9980(2026)02-0294-15

Regulatory effects of root-zone targeting irrigation on root anatomy and

soil water and fertilizer transport in Nantaihutezao grapes
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Abstract: [Objective] Grape, as an important cash crop widely cultivated in the world, is not only the
core raw material for winemaking and the fresh food industry, but also one of the key pillars of China’s
agricultural industrial structure upgrading and rural revitalization strategy. Northwest China has become
a core production area for high-quality grapes by virtue of its unique climatic conditions, with abundant
light, significant temperature differences between day and night, and dry air. However, the frequent oc-
currence of extreme drought events in the region and the extremely serious problem of water shortage
have exacerbated the contradiction between water supply and demand in grape growing. In order to effi-
ciently utilize water resources, many different irrigation methods have emerged, and the main irrigation
methods currently used for crops are diffuse, furrow, sprinkler, drip and seepage irrigation. Different irri-
gation methods have a great impact on viticulture. For this reason, it is important to study the effects of

different irrigation methods on grapevines under different irrigation levels to provide theoretical support
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for viticulture and water-saving irrigation models in the arid regions of Northwest China. [Methods]
Two-year old Nantaihutezao grapes were used as experimental materials, four treatments were set up,
namely, conventional drip irrigation (DI) (30 min, 3.6 L), 100% RTI (30 min, 3.6 L), 75% RTI (22.5 min,
2.7 L), and 50% RTI (15 min, 1.8 L), to study the water movement pattern, root vigor, root anatomy,
and soil alkaline nitrogen, effective phosphorus, quick phosphorus, and soil water content of the soil in
different soil layers (0-60 cm) of the different irrigation treatments. The effects of different irrigation
treatments on water movement, root vigor, root anatomical structure and soil content of different soil
layers (0-60 cm) were investigated. [Results] (1) The results of water movement pattern showed that
under DI treatment, water was mainly concentrated in the soil surface layer (0-20 cm), while the RTI
treatment led to better distribution of soil moisture content in the deeper layer than DI by directly trans-
porting water to the distribution area of grapevine root system (near the soil layer of 20 c¢cm), and then
rapidly infiltrating downward with the water. (2) The results of root vigor showed that the root vigor un-
der different irrigation treatments was significantly different. There was a significant difference, in
which the root vigor under 100% RTI was significantly higher than that of DI, which was 1.23 times
higher than that of DI; the root vigor under 75% RTI was much similar to the results of DI. (3) The re-
sults on root anatomical structure showed that the root xylem conduit density and conduit diameter pro-
duced significant changes under different irrigation treatments, in which the conduit density under 75%
RTI and 50% RTI was 25% and 100% higher than that of DI, respectively, while the average conduit di-
ameter showed the opposite trend, with the mean conduit diameters under 75% RTI and 50% RTI being
19% and 97% lower than that of DI, respectively; (4) The results on soil nutrients showed that there
were significant differences in the vertical distribution of soil nutrients under different irrigation treat-
ments. The DI treatment resulted in significant enrichment of nutrients in the 0-20 cm surface layer of
the soil, where alkaline dissolved nitrogen, effective phosphorus, quick potassium, and organic matter
contents were 1.54-3.10 times higher than those of the RTI treatment, but the deeper layers (30-60 cm)
had lower nutrient contents than those of the RTI treatment as a whole. The RTI drove nutrients through
directional water transport, and the RTI drove the nutrients to the intensive root distribution area (20—
40 cm) through directional water transport, in which the contents of alkaline dissolved nitrogen, effec-
tive phosphorus, quick-acting potassium and organic matter in the 20—-60 cm soil layer under the 100%
RTI treatment were 1.19-1.34 times higher than those in the DI treatment, and the contents of alkaline
dissolved nitrogen, effective phosphorus and organic matter in the 20-60 cm soil layer under the 75%
RTI treatment were much similar to those in the DI treatment. [Conclusion] The RTI improved the
plant water and fertilizer utilization by changing the water movement pattern, affecting root vigor, opti-
mizing root conduit structure and improving the vertical distribution of nutrients in the deep soil layer,
and the mode of “reducing depletion in the surface layer and increasing storage in the deep layer” of
RTI reduced the loss of nutrients caused by evaporation and runoff, and strengthened the drought-resis-
tant ability of the plant and improved water utilization efficiency. The RTI model of “surface reduction
and deep storage” could reduce the nutrient loss caused by evaporation and runoff, enhance the drought
resistance of plants and improve the water utilization efficiency, which would provide a theoretical ba-
sis for the precision irrigation technology of grapevine in arid areas.
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Fig.1 Schematic diagram of irrigation methods
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Fig.2 Spatio-temporal patterns of soil moisture
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Fig. 4 Differences of Root anatomy under different irrigation methods
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Fig. 5 Effects of different irrigation methods on the density and mean diameter of root vessel
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A PR, 7F 52 M 5 144 d, N 100% RTI. 75% RTI Al
50% RTI [ 1.27.1.44 F1 1.53 &% ; #£ 20~30 cm 1 )2,
100% RTI 1) - BEA L & & 2 2w T DI /£ e i G
144 d, A DI 1.23 £ ; 7£ 30~40 cm 1+ )2, 100% RTI
H175% RTL ) LA ML & & 235 5 T DI 72 1
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J& 144 d, Y DI 1.23 A1 1.13 4% ; 7€ 40~50 cm 1 2,
100% RTIF150% RTIF H3EE MR & 25 DI A B3
5 IEER G 144 d, Y DI 1.26 1% A1 84% ; 7E 50~
60 cm 12, 100% RTI A1 75% RTI ) 38 HL 5 &
H5DIAEEES, ADIMK 126 1.11 1%, Kk,
20 cm PL R4/ 100% RTI 5 75% RTIACFE & & .
2.8 ZIRFFNES

AN [ FEE VR A F ) R R L AR R A I
TR AR 1 520 AN [R] , 25 5T B ik AN [5] J8E BE A B ) BT
BRI ASAH R . 93 43 HA e R S X 8 285 )
W75 20, R B M BRI RE 7 R R S %
&R R FE P EA LK 20~60 cm 1) - 3EFE 5> 1R
PRIEAT SR G V- o 18 R WU BLERT 7 AN A S F8 b
HEATIRAL . S S ah H e A e AT T B B AN ) —

TOAL R, THE S R AR AUE , 15 21 % TTE br AL E
R 20 AL IR R FEH IR RCE G E K, N
0.242 5; T8 RS B E IR, 50.211 1,

MR AE & 48 A5 B 5 BUHE T 5 DI 100% RTI. 75%
RTIAI50% RTIALBE 25 G155, X &b BEHFAT 27 &
VAN, 0% H e A IR HE MR AL 3 . - FR bR 358 I Rl 4R
B AN [F B AR IR SR AR B AT G — v A A 3, 7
BREAFIN . 36T RS BT AUE 13 21 %% 4b 2R
M LEE 134y . M2 3 0%, DIL100% RTI.75% RTI
H150% RTIALFE K ZR-515 730 34.43.75.74.53.62 Fll
2426, H:r,100% RTIA 75% RTIALFE 145 5145 0>
I EE DI AT &, 26 B 100% RTI A1 75% RTI Ak FRAL
T DIACEE . AT I, 76 5 XOAR S8 ) E R
"R R T R TR A AR AR A R 3K IR A, T

*2 ETEIEBUETEERNE
Table 2 The index weights determined based on the objective entropy weight method

WRIEN MASEEEZ WRASEFHER DREMEASE DROABSE

AR LA IUR

i
fr?jjx Root Root vessel Average diameter Soil hydrolyzable  Soil available Soil available Soil organic matter
activity density of the root vessel nitrogen content  phosphorus content potassium content content
R Weights  0.1029  0.2425 0.099 3 0.107 5 0.2111 0.094 2 0.142 1
R3 ZEENESNEEES
Table 3 Multi-index weight analysis of the comprehensive score
RS AR SE AR A REEAWE IR R AU
; . ool VI EHA e o o o ZEE1S

w WREH W e g ER

S Average Soil hydroly- ~ Soil available  Soil available Soil organic =~ Comprehe-
Treatment Root activity ~ Root vessel . . . .

densit diameter of zable nitrogen phosphorus potassium matter nsive score
Y the root vessel ~content content content content

HE DI 6.86 0.88 9.41 5.72 0.64 7.73 3.19 34.43
100% MR IRFE 7R 1030 0.00 9.93 10.76 21.11 9.43 14.22 75.74
100% RTI
75% MR ISAL 11 L 5.84 6.87 6.28 6.08 11.94 8.79 7.83 53.62
75% RTI
50% HRIAL 11 L 0.00 24.26 0.00 0.00 0.00 0.00 0.00 24.26
50% RTI

IR BEISIE N 25%
3% w

AR T 2T A oK 4y 1 43 A R AEAAAE 2
E 225 W TOR B 76 A iy a5 e AR
APE MR Z IR Y # iz sh il & R 8RR
N o Y, S S SE P S 1) v AR B 1 s )|
U — B 2B DL, R [ JEE B 1) 7K 23 90 A
FHER A X, SRR D MG ER R LA,
LA 17 I R B T 8 K, SRR = 23 A K

SIS 2 FLB B S AE L N R IR K 412 3))
AR, EARREE T, K S ENERE
ZHMR AL KRB, 100% RTIAFE T &%
1% DI A FR T 23%, 1M 50% RTI AL R4 DI AL
B A 48% , 3X 55 AN ] 3L B B X R AR AR 2 3 P R 52
W 4 S — B0, AR RE 2 W S AR, IR RE S F
B, SR K G 6 1 XTI & . hAh, 35 B i
2 PR R R IR E L AE A, 15 K 2 T U RE
D10 TRy TR FEAM T, TR R T BARN
2 5z 4 A 5 R et 4 Al P 22 0 N AR B R R T
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R K, X Se e b B[R] AR %05 7K 43 I i g
T 3G 0 FOKAE R PR FEARIK S R T
INFEAR R AR FIHIF 7T AR R B AR K 20 251 R 52/
& B B/NAIR B RUR T 5 B4R R
JZ P R AR TS T AR S AR S A
W Fi 4 SR — 20, AR K o 25 A AR R TS 0 45 - )
A I, 3% 7] BE 2 6 & B R A BHE P 0] (1) 22 53 5] ik
. HIE MR AR TE 75% RTIAI 50% RTI AL R 548 45
MR A, 5 DI AN EE AR b, 55 25 R 43 3
25%F1 100% , T8 1 1) FL 4% 43 55l BRI 19% A1 97%
P FE N ELAR IR AR 5 R AR R ) B 5 S e
e FEAOR , e 55 L2 348 M kD e 2 XU, $ i 7K 4
B, X HORARBHEY), i Tk /NE &
A Ay TR AS AL 47 ) 2 B L B SR P 25 AL TR, - R AR A
TN T I 20% , 1 B AR 15%,
FLAT B 5 AR 2RI Al BE i R A DG o AN [ E VR
Ab B R AR AR Th BRI A BLTE 23 (8] 43 A b, X OB (1
REDHESH—H . B RERERED, 5
T 3R A A6 1) 3120 5 R 32 TR 2 AR 2 K8 AL i) A
ABR™, B T K 43 R B T AK P AR K, PE AR T
H DLAREE R R ZE K7 & 4 RTLARE R 2K 53
MHENFE .

3RSy B T E 5 A % 542 RTLS DI AR B i
WEMNX A 2 —. DI T 0~20 cm 1 JZ 1 i#
B U R R AIAA LR B 3 T RTIARFE
(1.54~3.10 %) , L UMY 1) “ R 2 8 4R 7 RN, IX 5
A7 G ARV R S T S E R I & SR — 3,
TREK S ER IZ 28 R T S8R 0 il o RTIALEE
B E WK Ak, I AN IR 43 [A) 20~40 em 20T
. 1 100% RTIALFE R, 30~60 cm 1 )2 15 fiF
B A BRI HLT 2 DI AL EE R & 19%~34%
55 I AEWRAE 3 2R el 10K 2 7% 40 38 A 38N T R L
HECY . XA 2 R R OHLEILE T K 7 8 B8 B8 A2 1 2
A DU EEIK 7y FEAEREE K, FEUAMMETR
srBEEANE BT E S 4R T RTLAR B KR 218 0%E
PRAEFR A BEAKIR F&, CHAE LI T, K &
MR, > T RIZEE XS R ARSI S A
IR 7 O] AR AR [X 3R R TR 43 43 A 5 Ml 1) 485
B, (HERENRZ,50% RTIALB R IR E R0
SEALT DIAHE, iX 5 Xie &7E £k H TP 4516
A LR R AT BE N HE K B R T BUK 2 KR BE 1R IR
JZURIZ ), BUE TR 5 i B AE 20~40 cm 1 )2 o XFEHEA

[FI A4, 220 AR 2R 70 WA T e 5 J2 8 11 [ 2
SEDIACE T A B AR TR ], X AR T
YRPIa] )22 bk . A RTIAREER R 20~30 cm + 24
SR B B RN, T e X AR R AR
VNG SIHEREAR DG AR R R A T B L,

RTI 4b BE7E 5 7K 55 37 43 v 3808 F O T Je B0 A
. 5 DIAFEAIEL , 100% RTI 4L 3 3@ i ji b % 2
IKGF R T K oy BB % AR RIGERIX, K43 FIH
BORFETF 20% 2247 51X 5 Zhang S5 70 ) 30 i E
TERBAE A BT K ONEAR 2 o 5 8 5 P S0 5 (1 7k
YRR EE B AT L EE S D R R
5 AL AS [, RTT AL FRAK 00 B 1 7K 40 22 1)
%, HOE T A SRR R 2 X . RTIARERAE
ANTR] - 398 5 Hh H R SE O 1 2 S R AERD R
RTI 4 B AH 7308 J2 7% 43 30 B 250% B8 s, i 7 3 338 1
A AR E R RS S EFEHER B, 75
VEK AU . 6 LU T 8 FE RN S S HE D, RTT
AR BRI AR ALE TR M, BLEEAT AR R 0 A X A
7K T AR ST RERE , X AR R X R A P U E
ALK TR R . BEAh, B8 AR LK I RTI AL
B - S AR MR VA (R RSN, T O B T 3R T, T
77 3 25U 2 5 R AR B B R B RN IR B I, ROk
T BT 5 T oy T A 5 AT IR IZ R AT

4 #Z B

i I % HE DI 5 RTT Ab 36 R K 57455 748 2 A
A AR, 7R 7 RTIAREEAE 5 /K38 2850 5 1
ZAMAL ) BB . RTIATE R E K54 A0 5
JN=EE ,100% RTT AL 5 & 52 =i &3 775 75% RTI
FI150% RTI AL FAR R FEHEG N, FEHR
PN, B SRR RE . RTIANFEIE I 5 5] HE 8 UK 5
TRy MR R E X, E R mIRE LRI
e . RTIACER I “3R 2 IR 8% 2 3 7 5 =X mT Ik
IR ZE R GRS U IR S %, Y S A AR B 2
RE 1 =K o AR, AL T 5 X R 1
FEE AR S AL IR AR A
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