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Effects of drip irrigation methods on the growth, yield and root
distribution of apple trees on the Loess Plateau

LIU Xing, CAO Hongxia, LIAO Yang, ZHOU Chenguang

(College of Water Conservancy and Architectural Engineering, Northwest A&F University, Key Laboratory of Agricultural Soil
and Water Engineering in Arid and Semiarid Areas of Ministry of Education, Yangling, Shaanxi 712100, China)

Abstract; To explore the effect of different drip irrigation methods and irrigation rates on the growth and water
consumption of apples in mountainous areas on the Loess Plateau and to provide a basis for decision-making to a-
chieve reasonable irrigation of apple orchards in the mountainous areas of Loess Plateau and improve water use effi-
ciency, an experiment used 8 a raw apple ( Fuji) as the material and three drip irrigation methods, alternate root
drip irrigation ( ADI) , single-pipe drip irrigation (UDI) , and double-pipe drip irrigation (BDI). There were three
irrigation rate treatments including high (W1) , medium (W2) , and low water (W3). The effects of different drip
irrigation methods and irrigation rates on biomass and yield of apple aboveground and belowground inthe field trials
were investigated. The results showed that the water consumption of apple at four growth stages in the mountain area
in northern Shaanxi was in the order of fruit expansion (IIT) >flowering and fruiting ( IT) >germination and leafing
(1) > fruit ripening (IV). The order of water consumption was W1>W2> W3, and the water consumption of ADI
treatment was the smallest compared with other drip irrigation methods. The length, thickness and LAl of the new
shoots at the middle and later stages of apple growth showed an overall trend of increasing first and then decreasing

with increasing drip irrigation. The ADI-W2 had the largest apple diameter, length of the new shoots, and growth
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of LAI at the middle and growing stages. Apple roots were mainly distributed in the 0~80 cm soil layer, but, mainly
distributed in 20~60 cm soil layer. The soil layer of 40 ~60 c¢m reached the maximum value (137.9 g + m™ and
163.7 g m™), and the absorption root length density reached the maximum value in the soil layer of 40 ~60 c¢m
on the north and south sides (820.1 m - m™ and 959.9 m - m™) in 2018-2019. There was a significant correlation
between the yield of apple trees and the new length , thickness, and LAl at the later growth stage, as well as the root
dry weight density of the 20~60 cm soil layer on the north and south sides and the root length density (p<0.05).
The yield and efficiency of ADI-W2 were the highest in both years, reaching 43970.08 kg « hm™* and 7.12 kg -

m™ in 2019, respectively. Considering the growth of new shoots, root distribution, yield and water use efficiency of
apples, it is suggested that the optimal drip irrigation mode should be ADI-W2 treatment. This study can provide
theoretical and technical reference for apple water management in mountainous areas in northern Shaanxi.

Keywords: apple tree; drip irrigation; alternate root drip irrigation; root distribution; yield; water use effi-

ciency
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5T 2018 4F 3 H A% 2019 4F 10 H T A
FERE P24 A AT - O EL 1 3 7K YA A IR AR L R E
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i Ay LR (1) v D L b Rl DX R A 2 T R AER
5, ZARAEY [ 453.6 mm, HAE N0 i A1,
70% L LW 2L ST 7—10 A, F£HE K&
2290 mm, ZAEHSIR9.1°C, LR 164 d, 4FF
I H BEATEL 2 543.3 h( HIBEH 2 RiK 60%) , iK1
bR 7E T IR Te] B PR 28 395 b Ly b S R e i X 2
RIS, K BH 56 5 5, B 0 T 22 K, ikt 1 338 Sy 10 45
+ ,pH {H 8.5, Mtk , HIEAE R 1.41 g - em™ I
T R K EEEAE 150~250 m LA, J2 i B2
MR ARG A X,
1.2 Rt

IRIRTEH 8 a AF W Ab IR 20 o T 98 3 ik e )
FIEARATEE A 2 mx3 m, KB/ — MR 2 7k
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4R 550
AEHELETERMNSETHREKE

2 4 2018—2019 RS T84 F
W BRSO FE K & (ET) o 2018—2019 4E 4440 34
TR EEFTFWFEKE (ET) 43008 5 847 ~
7 001.5.6 009.9~6 945.3 m’ « hm ™, FiE# T
B W2 W3 5 W1 M HEREK 22 55 3, #E K =N
Wi>W2>W3,

AR SRR AT B BeRE K o 2R S
MY (I ) > T A AR S0 (10 J59) > 25 i 40 (1
1) SRRV (TV 1) o SERRE TR K2
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~24.6% IV }129,5 2.9% ~7.1% , 1 111 $AEK &5
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R1 2018—2019 FXERHZEKE

Table 1

A RHEBER (m® - hm™)

Irrigation quota of different irrigation rates

treatment of apple trees from 2018 to 2019

HEAK AL 3

N~ 2018 2019
KRR A KAS R0 225007, R Duncan B4 N T 6 v
e 26 2 LU AT M . SR Origin 2018 w2 1023 1089
T W3 749 800
T,
2 2018—2019 FiGELETERMAEEFHIEKE(LT)/(m’ - hm™)
Table 2 Water consumption of apple trees in different growth periods under drip irrigation in 2018-2019
GO Qb HEF W Growth period
Year Treatment 1 1 1111 I\%
BDI-W1 547.8+66.74a 1718.4+52.16a 4525.9+118.61a 209.4+23.8abc
BDI-W2 502.5+48.29 b 1493.2+ 59.12¢d 4398.3+198.9¢d 224.2+51.1a
BDI-W3 470.1+9.84 b 1427.2+72.93de 4270.6+81.95de 199.3+33.6¢
ADI-W1 540.5+26.54a 1592.2+53.45hbe 4342.8+115.15bc 203.4+39.3bc
2018 ADI-W2 490.3+13.61a 1369.2+19.83ef 4121.2+62.15¢f 218.4+16.6ab
ADI-W3 453.8+41.08e 1184.3+48.77¢ 4012.8+96.44¢ 196.1+43.8c
UDI-W1 544.6+51.34a 1646.1+63.07ab 4451.2+125.58ab 196.6+39.6¢
UDI-W2 496.1+40.13b 1459.2+47.16de 4301.4+45.61de 200.4£29.3¢c
UDI-W3 460.9+44.04d 1301.8+52.53f 4181.4+64.55f 193.6+43.8¢
BDI-W1 756.2+36.41a 1246.5+65.5a 4515.2+128.08a 427.4+49.01ab
BDI-W2 680.4+35.82bed 1160.7+104.19abc 4396.2+151.90ab 434.6+34.22ab
BDI-W3 663.5+41.08cd 999.8+41.52bed 4191.6+54.76bcd 421.1+44.28ab
ADI-W1 701.4+27.05bc 1051.4+78.62abed 4312.3+112.42abc 424.2+42.32ab
2019 ADI-W2 642.6+85.93d 950.9+105.10cd 4142.7+£59.51cd 438.2+41.01ab
ADI-W3 639.9+£50.27d 941.8+92.06d 4022.9+64.46d 405.3+42.39b
UDI-W1 726.2+48.87ab 1194.4+61.79ab 4463.3+87.14a 430.6+54.31ab
UDI-W2 672.5+64.78cd 1054.2+52.32abed 4322.4+153.84abe 446.5+33.471a
UDI-W3 658.7+56.49cd 956.2+33.03cd 4115.5+£161.06cd 409.2+48.17h

0 | -8 3 -] (04-08—05-21) ; [T -FFAEAL HE 1] (05-22—06-22) 5 I - 5 5215 K 1 (06-23—10-04) ;5 IV -3 52 i 249 ( 10-05—10-

23) , AE/NE PR IR [F— AN [ AL B R 25 5 8 3% (P<0.05) , T A,

Note: | —germination stage (04-08—05-21) ; Il —flowering to fruit set stage (05-22—06-22) ; Il —fruit growth stage (06—-23—10-04) ; IV —fruit

maturation stage (10-05—10-23). Different letters indicate values that are significantly different at P<0.05 level among treatments in same year, the

same below.
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Table 3 Growth length, diameter of new shoots and leaf area index of apple in 2018
b FYEEE Shoot growth length RS Shoot growth thickness HTAIAFEEL Leaf area index
R em AR am K em A K e R e R R EKA
Initial stage  Middle stage  Later stage Initial stage  Middle stage  Later stage Initial stage ~ Middle stage  Later stage
BDI-W1 16.76+1.51a  33.03+3.62b  37.87+4.57ab 3.63+0.35a  6.75+1.11ecd  8.54+0.47bed 0.63+0.04a  1.27+0.05abc  1.74+0.08bc
BDI-W2 17.26+1.84a  32.63+2.36b  38.8+3.82ab 3.97+0.87a  7.49+0.99b  9.16+1.29ahc 0.63+0.07a  1.41+0.11a 1.91+0.09ab
BDI-W3 16.64+1.08a  29.47+3.92bc  36.53+4.5ab 3.30+£0.82a  6.75+0.81cd  6.75+0.81cd 0.53:0.04a  1.2120.10abc  1.64+0.15¢
ADI-W1  16.80£1.17a  37.33£3.05a  44.07+3.38a 3.56+0.87a  7.08+0.73bc  8.50+0.88bcd 0.56+0.06a  1.33+0.06ab  1.80+0.06bc
ADI-W2  17.24+1.08a  38.27+2.62a  49.02+5.44a 342+1.08a  9.64+1.57a  11.76+0.69a 0.62+0.10a  1.39+0.06ab 2.07+0.05a
ADI-W3  16.5+2.65a 33.03+3.87b  43.07+4.42ab 3.17+0.6a 7.44+0.72h  10.30+0.98ab 0.56£0.03a  1.24+0.07abc  1.67+0.14¢
UDI-W1 16.81+1.85a  24.83+2.78d  33.53+4.2ab 345+£1.63a  6.26x0.71d  7.76+0.84bcd 0.53:t0.04a  1.20+0.10be 1.69+0.12¢
UDI-W2  16.73£1.62a  25.73+4.29cd 34.17+3.07ab 343£1.0la 5542037  7.78+1.14bed 0.60£0.05a  1.27£0.10abc ~ 1.79£0.17bc
UDI-W3 16.25+1.7a 22.07+3.25d  27.5+2.25b 3.80+0.44a  4.80+0.41f 6.29+0.68d 0.63+0.04a  1.12+0.10c 1.62+0.14¢
M ns * ok * ok ns * * ok ns * % * &
1 ns ® ok ns ns * * ns ] E
MXI ns ns ns ns ns ns ns ns ns

H Note: * P<0.05, * * P<0.01, M—## 52X Drip irrigation methods ; I—¥#7K# Irrigation rates. T[], The same below.

R4 2019 FERMFHKE HEMHEREY
Table 4  Growth length, diameter of new shoots and leaf area index of apple in 2019
RS Shoot growth length HIRSHLE Shoot growth thickness HTAIAFEEL Leaf area index

Trﬁri%m AR em AR/ em AKEW/em  ARKYI/mm AKTH/mm AKE/mm AR AR AKIEN
Initial stage ~ Middle stage  Later stage Initial stage  Middle stage  Later stage Initial stage ~ Middle stage  Later stage
BDI-W1 17.37+1.6a  31.43+38lcd  39.47+3.9de 4.58+0.5a 8.30+1.16a 10.15+0.7a 0.75+0.05a  1.3520.15abc  1.83+0.18bc
BDI-W2 18.33+1.8a  32.53+22lcd  40.53+3.69cd 4.57+126a  7.68+0.77ab  10.47+0.86a 0.83+0.1a 1.37+0.05abec  1.94+0.13ab
BDI-W3 17.83+1.17a  29.07+1.38de  35.93+2.3ef 4.15+0.29a  6.16+0.35ab 9.67+0.84ab  0.75+0.08a  1.30£0.09bc  1.76+0.06c
ADI-W1 18.77+2.57Ta 36.43+£2.64b  45.00x4.4b 5.15+047a  7.78+1.4ab 10.68+1.3a 0.78+£0.09a  1.40+0.08abc  1.95+0.14ab
ADI-W2 17.63+2.61a  40.10+2.7a 49.27+3.86a 5.16+0.85a  8.40+1.66a 11.81+0.73a 0.85+0.04a  1.52+0.12a 2.12+0.09a
ADI-W3 183+1.56a  33.57+2.6bc  43.87+3.5bc 4.46+0.34a  6.25+0.98ab 9.7+0.86ab 0.78+0.06a  1.23+0.14cd  1.85+0.05bc
UDI-W1 18.27+1a 26.93+3.7ef 30.33+2.2gh 4.6+0.77a 5.47+0.49ab 6.84+091bc  0.72+0.05a  1.48+0.16ab  1.71+0.18c
UDI-W2 17.4+2.6a 27.77+2.08¢f  33.23+3.67fg 5.32+0.9a 7.07+0.89ab 9.28+1.36ab  0.77+0.05a  1.48+0.10ab  1.96+0.03ab
UDI-W3 17.47+2.51a 24.87+2.62f  26.43+2.75h 5.01+0.73a  4.72+0.54b 6.21+0.8¢ 0.76+0.07a  1.03+0.07d 1.7+0.08¢
M ns * ok * ok ns * * ok ns ns * &
1 ns * ok * ok ns B ® ok ns * sk B
MxI ns ns ns ns ns ns ns * ok ns

ASTR] 35 VE 7 UM R VE K R T, A AR AS R ik
(ADI) b BRAE 25 E /K 5T A FE K e/, DU T
(BDI) #E7K f2 e K, HUAE TR #E (UDD) b B AL T |k
Wi 2Z 6] A W2 F , ADI AZbF 78 32 52 11 T00 3 1
FE/K FE % BDI Ak BT UDI 4b 38y /0 B £ 2018 4E
BDI-W2 &b HEY 11 HAE/K & b ADI-W2 Ab 3 2
T9.1%,2019 4EH4 L2 T 22.1% (P<0.05),2018 4
UDI-W2 kb FHAY TIT BIAE /K & He ADI-W2 Ab B34 £
T4.4% 2019 FFEEZ T 4.3%,

2.2 AEIEELIETERERSHER N

2018 A RAEF VI A RIS HUHAS K 16.25
~17.26 cm  HIRSHLEELE 3.17~3.97 mm , [ A5 £
1£ 0.53~0.63 Z[8];2019 4ERY A= F 418, Frdg A&
KPBETE 17.37 ~ 18.77 em, Fi ML BEAE 4.46 ~ 5.32
mm , M FFEEOIE 0.72~0.85,2 a B AL FRFE bRAE A4
AVIRA R EER (K3 K4, EERERKN

FRRIS A, A [R] 35 Ak PG 2 SR AR 0 R A B R
FEFN LA B9S2 R I 25 5 . SR AT 22 5 K
JEDL R LAT e A K S5 A K S 1 ADI-W2 402
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Table 5 Correlation between apple tree yield and root

physiological indexes in all directions of soil depth
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/cm ElEyzss R B Sy I
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y=12.926x+22678  0.03
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y=69.514x+1292  0.12
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