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Effects of Drip Fertigation Parameters on Fine Root Growth
and Turnover of Apple Trees

CHEN Jinghang ZHANG Shaowu YANG Jinxin YE Ruirui SUN Jianxi HU Tiantian
(College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: The objective was to reveal the spatial and temporal distribution of apple tree fine roots under
different water and fertilizer integration modes, explore the regulatory effect of different drip irrigation
fertilization strategies on the growth of apple tree fine roots, and provide a theoretical basis for regulating
the growth of apple tree fine roots by drip irrigation fertilization mode. In 2019—2021, a two-factor two-
level complete combination design field experiment was carried out, the capillary laying method was set
up with one row-one tube and one row-two tubes, the fertilization cycle was set for 15 d and 30 d, and the
growth and death of fine roots during the active growth period of apple trees were continuously observed by
micro-root tube in situ monitoring technology, and the response dynamics of fine root growth and turnover
of apple trees to capillary laying mode and fertilization cycle were analyzed. The existing length density
and growth of fine roots changed dynamically with the seasons to a unidial curve, and the amount of fine
root death was a bimodal curve. The fertilization cycle of 15 d significantly increased the existing length
density, growth and death of fine roots in time and space distribution compared with the 30 d of
fertilization cycle. The effect of capillary arrangement on the existing length density and death of fine roots
in apple trees did not reach a significant level in time, and the effect on fine root growth changed with
seasonal changes. In terms of spatial distribution, the existing length density, growth and death of fine

roots in one row-two tubes were significantly greater than those of one row-one tube in the 19 ~38 c¢m soil
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layer, and the law was reversed in the soil layer of 57 ~76 ¢cm. The capillary laying mode and fertilization

cycle and its interaction had a significant impact on the root turnover rate, the one row-one tube

fertilization cycle of 15 d can accelerate the turnover of fine roots compared with other treatments. The

fertilization cycle had a more obvious regulatory effect on the growth and death of fine roots in apple trees,

and the capillary laying method can adjust the spatial distribution of fine roots, and the 15 d treatment of

one row-one tube fertilization cycle was more conducive to improving the existing length density and

growth of fine roots, accelerating the turnover of fine roots, and optimizing the spatial distribution of fine

roots.

Key words: apple tree; fine root stock; fine root turnover; drip irrigation fertilization cycle; capillary

arrangement ; minirhizotron-based root system observation
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Fig. 1 Meteorological data in experimental year
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Tab.1 Experimental irrigation and fertilization

(1)
X

of apple orchard in 2020

BiNE it/ (kg-hm %)

o E=N
wEm M Isd EEms0d
N P,0, K,0 N P0, K0
36.0 24.4 18.0 72.0 48.8 36.0 10.2
& A A 36.0 24.4 18.0 0 0 0 10.2
24.0 26.3 30.0 48.0 52.6 60.0 8.7
HEZF 5L 24.0 26.3 30.0 0 0 0 7.4
. 12.0 9.8 30.0 24.0 19.6 60.0 5.9
g KA 12.0 9.8 30.0 0 0 0 5.9
" 12.0 9.7 24.0 24.0 19.6 48.0 5.2
LS 12.0 9.7 24.0 0 0 0 5.2
36.0 27.3 18.0 72.0 54.6 36.0 7.8
T 30 36.0 27.3 18.0 0 0 0 7.8
b 12020 4F IR S S—11 .
1.3 NMESH#FTE
L3.1 BORE

2019 4R 7 A FHEA/PNXES S BRRB R H
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x2 2021 FERERBEKETELES
Tab.2 Experimental irrigation and fertilization

of apple orchard in 2021

Jiti JE 4/ (kg hm ~2)

KR/

EEM Jife A JE 491 15 d i AL JE 8 30 d
N P,0, K,0 N P0, Ko
. 24.0 14.6 6.0 48.0 29.3 12.0 8.0
Lk 240 146 60 0 0 0 40
A 18.0 14.6 12.0 36.0 29.3 24.0 8.0
THERB 00 146 120 0 0 0 2.0
180 146 120 36.0 29.3 240 8.0
MRFMB 60 146 120 0 0 0 4.0
B 120 16.6 24.0 24.0 33.2 48.0 8.0
EHEAUM )0 166 240 0 0 0 40
- 6.0 49 240 12.0 9.8 48.0 8.0
WIIB 60 49 240 0o 0o 0 40
- 6.0 49 240 12.0 9.8 48.0 8.0
WHREM 60 49 240 0 0 00 40
36.0 27.3 18.0 72.0 54.6 36.0 12.0
A 36.0 27.3 180 0 0 0 8.0
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Fig.2 Field layout of microroot canals
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Tab.3 Effects of experimental factors on fine root length density, growth and death m/m
l~ 2020 4F 2021 4F
o YR AT 1k 0 AR K IR FET HE AR AT i AR AR K YIARAET HE
PIT1 2 120. 90" 244.31" 320.01° 600. 78" 61. 45" 87.29"
P2T1 1.986.99* 179.71* 273.11° 660. 26" 53.58" 80. 08"
P1T2 1254.26" 128. 82" 151. 82" 367. 03" 22. 40" 38.82°
P2T2 1358.31" 144. 82" 187. 42" 375.25" 30. 81" 54.76"
P
a T k5 * ET] ko sk sk
PxT

V< R [N 5 B R AL BRI 2% 5 3 (P <0..05) , x 7R 2% BB (P <0.05) s 5 2% R B (P <0.01) T,

> 70.19% (B AF &) . 58.82% (£ K &) Ml
72.01% (FET-H#)
2.1.2 4RI E AL

B 3(EH « RAnERFEE(P<0.05), #x £
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o A A0 TR LA B AE PR AR 1 6 U B I ] A A8
A Se 38 K5 N R . St I A D 30 d A L i
NEFEW 15 d FESAE KR D E 52 & MR AF =
(P <0.05),2020 4F ## i & 36.68% ~ 85.40%
(Kl 3a), 2021 4F 4 iF K 53.54% ~ 110.85%
(K 3b) ARFBE MR T AR B & 7 & E
KZFE¥T W% 2% 5. 2020 48, PIT1 4b 3 i) W {5 7 7
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Fig.3 Dynamic changes of fine root length density
under different treatments
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G, — 1T AETE 9 H b A ksl (& 4b) .
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HTE 2020 4E 8 J] BA)—10 J] T A)F1 2021 4E8 R
f—9 A FHIBEW (P <0.05),7E 2021 4£ 6 /]
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2.1.4 4IMRFET @A

&S AL, ZHAR TE A A AT e, HL Y
ST A IE(E ] B OR T A 2 4>, 2020 4E L AE 8
A Famo Hrp A (K 5a) ,2021 447 A T A)
Ao H LA (K Sb) . N7 H BRI, AR JE
XFARRRBE T i A W S (P < 0.05) , i JIE & 48]
15 d % 30 d 76 PIAE 1 I 350 i 40 AR B2 12 4, 15 40
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