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Study on the growth, water consumption and yield of drip-irrigated ap-

ple trees with dwarfing rootstock and close planting in South Xinjiang
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Abstract: [Objective]ln southern Xinjiang, evaporation is strong and rainfall is scarce. Water resource
is extremely limited. This study was carried out in order to improve water use efficiency and develop
high-yield and efficient water management programs. [Methods] In this experiment, 5-year-old densely
planted Royal Gala trees on dwarfing rootstock were used as the experimental materials in 2019—2020
in Alar, southern Xinjiang. Five irrigation volumes were set: W, (13.5 mm), W, (18 mm), W;(22.5 mm),
W, (27 mm) and W;s (31.5 mm). ET,—P was used to guide irrigation. Irrigation was triggered at the same
time in the five irrigation treatments when E7,—P reached 22.5 mm. The study examined the influences
of different irrigation volumes on apple growth, water consumption during growth period, yield and wa-
ter use efficiency, and to provide reference for the large-scale production of apples on dwarfing root-
stocks in densely planted orchards in southern Xinjiang. [ResultsINew shoots grew rapidly initially and
but slowly later, and the length of new shoots increased significantly with the increase in irrigation vol-
ume. There was a significant difference in water consumption between different irrigation treatments
(» < 0.05). The W, treatment had the lowest water consumption, which was 304.21 mm and 349.01
mm in 2019 and 2020, respectively, and the W;s treatment had the highest water consumption, which
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was 692.28 mm and 746.94 mm in 2019 and 2020, respectively. Water consumption rate increased first
and then decreased during the growth period. It reached the highest value during the fruit expansion pe-
riod. The water consumption in W5 treatment reached 511.72-542.89 mm in fruit expansion period, fol-
lowed by the fruit maturity period, which was 119.68-131.45 mm, and the lowest in flowering and fruit-
setting period, which was 60.88-72.60 mm. The variations in water consumption modulus coefficient
and water consumption intensity were consistent with water consumption. In 2019 and 2020, the water
consumption modulus and water consumption intensity during fruit expansion period in W; treatment
were 0.73-0.74 and 6.73-7.24 mm - d"', respectively, and the water consumption modulus coefficient
and water consumption intensity during the fruit setting period were 0.09-0.10 and 4.54-4.68 mm - d’',
respectively. The crop coefficient increased with the increase in irrigation volume, and the crop coeffi-
cient during the whole growth period was the largest in Ws treatment and lowest in W, treatment in both
seasons. Crop coefficient showed a single-peak curve during the whole growth period, peaking in the
fruit expansion period. The value in W; treatment was 1.36 and 1.49 while that in W, treatment was
0.59 and 0.68 in 2019 and 2020, respectively. Apple yield increased first and then decreased with the in-
crease in irrigation volume. The yield in W, treatment was the largest, which was 26 960 kg - hm™ and
35328 kg-hm™ in 2019 and 2020, respectively, not significantly different from W; treatment, but signifi-
cantly higher than the other treatments. The water use efficiency in W, and W; treatments was larger,
and the two-year average values were 6.59 kg-m™ and 6.46 kg - m™, respectively. There was no signifi-
cant difference in water use efficiency among W,, W,, W; and W, treatments in 2019, but they were sig-
nificantly higher than W; treatment. The result in 2020 was consistent with that in 2019, but there were
significant differences among the treatments. Irrigation water use efficiency displayed a similar pattern
with water use efficiency. However, in 2019, there was no significant difference between W, and W;
treatments, and between W, and W, treatments, and in 2020, there was significant difference between
W, and W, treatments. At the same time, it could be seen from the regression that the correlation coeffi-
cients between the average value of output in each treatment, water use efficiency, and irrigation water
use efficiency and the irrigation volume in 2019 and 2020 were 0.80, 0.66, and 0.70, respectively, and
both water use efficiency and irrigation water use efficiency decreased with the increase in irrigation
volume. The fitting curve of irrigation water use efficiency, water use efficiency, yield and irrigation vol-
ume correspond to an irrigation volume of about 460 mm. [Conclusion]Comprehensive analysis of ap-
ple growth, water consumption, yield and water use efficiency showed that the irrigation volume during
the growth period was 22.5 mm, and the irrigation frequency was 21 times, which was a suitable irriga-
tion mode for dense apple planted on dwarfing rootstocks in South Xinjiang.
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Table 1 Effects of different irrigation volumes on apple tree water consumption
g g ;Fﬁélé%,ﬁﬂ N _ %%Hﬁﬁj{,ﬁﬁ‘ ‘ %ihﬂc?ﬂﬁﬂ MEEK R
Vear  Treatment owering and fruiting period Fruit expansion period Fruit maturity Total Wate-r
CA/mm  CP/% CD/mm  CA/mm  CP/% CD/mm CA/mm CP/% CD/mm  consumption/mm

2019 W, 27.14e  0.09b 2.09¢ 22289e 0.73b 293e 54.18 ¢ 0.18 a 2.58¢ 30421 e

W, 37.07d  0.09b 2.85d 289.50d 0.73b 381d 71.09d 0.18 a 3.39d 397.66 d

W; 4576 ¢ 0.09b 352¢ 359.64c  0.73Db 473 ¢ 89.44 ¢ 0.18a 4.26¢ 49484 c

W, 5739b  0.10a 4410 433.75b 0.73b 571b 102.50 b 0.17b 4.88b 593.64 b

Ws 60.88a 0.09b 4.68a 511.72a  0.74a 6.73 a 119.68 a 0.17b 570 a 69228 a
2020 W, 3488¢ 0.10a 2.18¢ 245.74¢ 0.70b 328e¢ 68.38 ¢ 020a 311e 349.01 e

W, 43.70d 0.10a 2.73d 321.82d 0.7lab  4.29d 85.36d 0.19ab  3.88d 450.88 d

W; 52.19¢ 0.10a 326¢ 396.10c  0.72a 528¢ 99.94 ¢ 0.18bc  4.54c¢ 54823 ¢

W, 6421b 0.10a 401b 469.92b 0.72a 6.27b 118.00 b 0.18 ¢ 536b 652.13b

Ws 72.60a 0.10a 454 a 542.89a 0.73a 724 a 13145a 0.18 ¢ 597a 746.94 a

VE:CA AFE/KE, CP NFE/KEE R E, CD AFEKEE . FFIAR/NG FRER 0.05 Z5KF. FHE.

Note: CA is water consumption, CP is water consumption modulus coefficient, CD is water consumption intensity

the same column indicate significante at 0.05 level. The same below.
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EIPESTI
24 AEDEKEZTNEREEH K ERF N
HRHE FAO-56 H#EFE 1) S AE W) R E0E KA AEY)
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W AL B . F A, A FEE KA AR REOI A F
e 25 AR R RRRE S, RS KIREY)
RE K, N 0.59~1.49, Bz B nEE T %, N
0.55~1.22,, FFAE AL A B /N, 24 0.53~1.20.
25 AREBEHXNERTEFKIFAYELY
Al

3 92019—2020 AN FIFEK & F 7= 2 A4 Bl
T RARDFIR . SR~ B A Y BE K &
()38 T 2 50 38 5 R N TR L I AE WK e Ab R
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Table 2 Effect of different irrigation volumes on apple crop coefficient
wn REARW ORI R REEM
Year Treatment owering and fruiting period ~ Fruit expansion period Fruit maturity Full growth period
ET)/mm Ke ET)/mm Ke ET)/mm Ke ETy/mm Kc
2019 W, 50.9 0.53 ¢ 377.1 0.59¢ 98.7 0.55¢ 526.7 0.58 ¢
W, 0.73d 0.77d 0.72d 0.75d
W; 0.90 ¢ 0.95¢ 091 ¢ 094 ¢
W, 1.13b 1.15b 1.04b 1.13b
W;s 1.20a 1.36a 1.21a 131a
2020 W, 65.5 0.53 ¢ 363.4 0.68 ¢ 107.5 0.64 ¢ 536.4 0.65¢
W, 0.67d 0.89d 0.79d 0.84d
W; 0.80 ¢ 1.09¢ 093 ¢ 1.02b
W, 0.98b 1.29b 1.10b 122¢
W;s I.11a 1.49a 1.22a 1.39a
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Table 3 Effects of different irrigation volumes on apple yield and water use efficiency

o ke R LRSS R fi s WUE/ IWUE/
Year Treatment  Yield per plant/kg Number of fruits per plant Single fruit weight/g ~ Yield/(kg-hm®)  (kg-m®  (kg-m™
2019 W, 5.72d 53.00b 108.47 ¢ 16 480.00 d 542a 58la
W, 6.38 ¢ 5433 b 116.77 be 18 384.00 ¢ 4.62a 4.86b
W; 9.16 a 72.44 a 126.96 ab 26 377.60 a 533a 5.58 ab
W, 9.36a 71.67 a 13497 a 26 960.00 a 4.54a 4.75b
Ws 8.56b 68.00 a 126.63 ab 24 659.20 b 3.56b 373 ¢
2020 4 724 c¢ 70.67 b 102.54 b 20 856.00 ¢ 598D 7.36a
W, 7.69 ¢ 72.50 b 106.20 b 22 152.00 ¢ 491d 5.86¢
W; 12.05a 101.00 a 119.62 a 34704.00 a 633 a 734a
W, 1227 a 98.83 a 124.12 a 35328.00 a 542c¢ 6.23b
Ws 9.82b 94.17 a 104.67 b 28 272.00 b 3.79e 4.27d

K B 5 KA, H 2020 4F Hbk 7 & L AR R EOY =
()T 20194, LR FENM . FEE7EHHREK
& MK E RGP ) R AE [, o,
WAL SE R iy, 5 W AR E B2 25 5 . (HW,
FTW, A B 7= B 5 LA kb 3 22 SR 3 . 2019 4,
WUE UL W, AL EEF Wi Ab BRESG K, 5 WL F WL Ab B TE
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N 5 Hopth fb 3 22 5 2, IWUE DU DA W, AT W b B A
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. B4R, SR ETAH 29 695.91 kg-hm?
I HEKEN S 513.92 m* hms 24 WUE£35.56 kg-hm”?
i), K BN 3 773.38 m*-hm™; 24 IWUE 4 6.29 kg-m™
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Fig. 4 Relationships between yield, WUE, IWUE and irrigation volume
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