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Effects of drip irrigation and fertilization cycle and capillary layout on
spatio-temporal distribution of fine root diameters in apple trees

CHEN Jinghang', YE Ruirui', SUN Jianxi', LUO Lihua', LI Can', Wu Yong®, HU Tiantian'
(1.Key Laboratory of Agriculture Soil and Water Engineering in Arid and Semiarid Areas,
Ministry of Education, Northwest A&F University, Yangling, Shaanxi 712100, China;
2. National Agricultural Technology Push Light Service Center Water-Saving Agriculture Division ,Beijing 100125, China)

Abstract: To explore the regulatory effect of different drip irrigation and fertilization strategies on the fine root
diameter of apple trees, a field experiment was conducted during 2019-2021 for a two-factor two-level complete
combination design.The capillary laying method was set up with one row and one tube and one row and two tubes.
The fertilization cycle was set for 15 days and 30 days.The micro root tube in situ monitoring technology was used,
which was divided into three directions of the apple tree due south, west and northeast and 0~19 ¢cm, 19~38 cm,
38~57 ¢cm, 57~76 cm soil layers at different depths. The dynamic change of fine root diameter during the active
growth period of apple trees was continuously observed, and the response of fine root diameter to capillary arrange-
ment and fertilization cycle of apple trees was analyzed.The results showed that the diameter of fine roots was mainly
concentrated in the range of 0.5~1.5 mm, accounting for about 90% , and the diameter of fine roots of 0~0.5 mm
and 1.5~2.0 mm was very small.Before July 2020 and June 2021, there was an increase in the number of fine roots

with a diameter of <1.0 mm. After July and June, the diameter of the fine roots was thickened, and the number of
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fine roots with a diameter of > 1.0 mm increased rapidly. Compared with the fertilization cycle of 15 days, the fertili-
zation cycle of 30 days increased the fine root diameter in June-November 2020 and April-July 2021. In most soil
layers, the fertilization cycle of 30 days increased the fine root diameter, and the fertilization cycle of 15 days re-
duced the fine root diameter.In the south and northeast directions of 2020, the fertilization cycle of 15 days reduced
the fine root diameter, and the fertilization cycle increased the fine root diameter for 30 days.One row and one tube
increased the fine root diameter in 2020 and August 2021 compared with one row and two tubes.In shallow middle
soils (0~38 cm soil layer) , one row and two tubes tended to increase the diameter of fine roots.In medium and
deep soils (38~76 cm soil layer) , one row and one tube tended to increase the diameter of fine roots.In the south

and northeast directions of 2021, one row and one tube increased the diameter of fine roots, and one row and two

tubes reduced the diameter of fine roots.

Keywords: apple trees; fine root diameter; drip irrigation fertilization cycle; capillary layout
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Table 1

Apple experiment irrigation and fertilization in 2020-2021

Jii B Fertilization amount/ (kg + hm™2)

HEIK

EHEM TEAE R 15 d TEAL 513 30 d Jrigation
Growth period Fertilization cycle 15 days Fertilization cycle 30 days amount/mm
N P, 0, K,0 N P, 0, K,0
21 (0.0)24.0 (0.0)14.6 (0.0)6.0 (0.0)48.0 (0.0)29.3 (0.0)12.0 (0.0)8.0
Stages in germination (0.0)24.0 (0.0)14.6 (0.0)6.0 (0.0)0.0 (0.0)0.0 (0.0)0.0 (0.0)4.0
FF A A S 1 (0.0)18.0 (0.0)14.6 (0.0)12.0 (0.0)36.0 (0.0)29.3 (0.0)24.0 (0.0)8.0
Blossom and fruit period (0.0)18.0 (0.0)14.6 (0.0)12.0 (0.0)0.0 (0.0)0.0 (0.0)0.0 (0.0)2.0
FIE Sy EEil] (36.0)18.0 (24.4)14.6 (18.0)12.0 (72.0)36.0 (48.8)29.3 (36.0)24.0 (10.2)8.0
Young fruit new shoot stage (36.0)18.0 (24.4)14.6 (18.0)12.0 (0.0)0.0 (0.0)0.0 (0.0)0.0 (10.2)4.0
25 (24.0)12.0 (26.3)16.6 (30.0)24.0 (48.0)24.0 (52.6)33.2 (60.0)48.0 (8.7)8.0
Flower bud differentiation stage (24.0)12.0 (26.3)16.6 (30.0)24.0 (0.0)0.0 (0.0)0.0 (0.0)0.0 (7.4)4.0
& KAy (12.0)6.0 (9.8)4.9 (30.0)24.0 (24.0)12.0 (19.6)9.8 (60.0)48.0 (5.9)8.0
Early expansion period (12.0)6.0 (9.8)4.9 (30.0)24.0 (0.0)0.0 (0.0)0.0 (0.0)0.0 (5.9)4.0
K5 (12.0)6.0 (9.7)4.9 (24.0)24.0 (24.0)12.0 (19.6)9.8 (48.0)48.0 (5.2)8.0
Late expansion period (12.0)6.0 (9.7)4.9 (24.0)24.0 (0.0)0.0 (0.0)0.0 (0.0)0.0 (5.2)4.0
V&1 (36.0)36.0 (27.3)27.3 (18.0)18.0 (72.0)72.0 (54.6)54.6 (36.0)36.0 (7.8)12.0
Abscission period (36.0)36.0 (27.3)27.3 (18.0)18.0 (0.0)0.0 (0.0)0.0 (0.0)0.0 (7.8)8.0
LR (240)240.0 (195)195.0 (240)240.0 (240)240.0 (195)195.0 (240)240.0 (74.3)90.0

Whole growth period

T R PR S ABOR AR 2020 A3 RIRIGHK AL RS B , 455 SMEE 2R 2021 430 R0 K I AL

Note: The data in parentheses in the table represent the irrigation and fertilization situation of apple experiment in 2020, and the data outside paren-

theses represent the irrigation and fertilization situation of apple experiment in 2021.
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Table 2 Effect of experimental treatment on fine root morphology

Ab 7 HA% Diameter/mm
Treatment 2020 4F 2021 4
PIT1L 0.63a 0.56a
P2T1 0.65a 0.54a
P1T2 0.66a 0.45a
P2T2 0.67a 0.55a
P ns ns
T ns ns
PxT ns ns

TE : [FF AR R SRR3R A B M) 22 52 A8 . 35 (P>0.05) ,ns /R
REL,
Note: The same letter in the same column means no significant difference

between treatments (P>0.05) , ns means there is no significant effect.
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Fig.3 Dynamic changes of fine root frequency with different diameters under different treatments in 2020
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