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Responses of Growth, Physiological and Evapotranspiration Characteristics
of Columnar Apple Trees to Different Irrigation Depths

Wu You' Zhang Fucang'? Yan Shicheng'” Xiang Youzhen'” Zou Haiyang'” Tian Jianke'~
(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education,
Northwest A&F University, Yangling, Shaanxi 712100, China
2. Institute of Water-saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling, Shaanxt 712100, China)

Abstract; Considering the soil water deficit and low water use efficiency of apple orchards in the semi-
arid areas of Northwest China, the effects of mulching and water supply on growth, physiological
properties and evapotranspiration features of columnar apple trees were investigated to explore suitable
irrigation depth and soil water conservation measures for healthy growth and higher water use efficiency of
apple trees. The weighing bucket experiments under a shelter were subjected to four irrigation water
levels; 60% ET,.(W1), 80% ET,(W2), 100% ET.(W3) and 120% ET.( W4 ), and two mulching
modes ; mulching (M) and no mulching (NM) , resulting in eight treatments in total. The results showed

that dry matter was increased with the increase of irrigation amount, and the M treatment promoted
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accumulation of dry matter. Net photosynthetic rate ( P, ), transpiration rate ( 7.) and stomatal

conductance (G,) were increased with the increase of irrigation depth. P, and T, at different growth
stages under different irrigation depths and mulching modes showed a decreasing trend as fruit
enlargement stage, fruit maturation stage, flowering and fruit bearing stage and leaf changing stage.
Under the same irrigation depth and mulching mode, P,, T, and G, at different times in a day showed a
decreasing trend as 10:00, 13:00 and 8:00, 13:00, 10:00 and 08;00, and 10.00, 08:00 and 1300,
respectively. The maximum and minimum leaf water use efficiency (LWUE) found at 10:00 in the MW2
treatment (4. 52 pmol/mmol) and at 13:00 in the MW4 treatment (2.62 wmol/mmol) , respectively.
The accumulative evapotranspiration during the whole growth period was increased with the increase of
irrigation depth, those of NM treatments were increased by 11.02% ~ 16.35% compared with those of
M treatments. Water consumption rate at flowering and fruit bearing stage, fruit enlargement stage, fruit
maturation stage and leaf changing stage reached 3.29 ~4.36 mm/d, 2.40 ~4.85 mm/d, 0.83 ~
1.79 mm/d and 0.77 ~ 1.53 mm/d, with the corresponding water consumption modulus of 19.34 ~
27.40% , 55.99 ~ 61.41% , 8.62% ~ 12.63% and 5.85% ~ 7.24% , respectively. The results
indicated that the W4 and M treatments were beneficial for improving the growth and physiological
characteristics of columnar apple trees, but the highest water use efficiency was obtained in the W2
treatment. Fruit enlargement stage was found to be the most active physiological metabolic reaction stage
of columnar apple trees, and mulching played a certain role in the soil water conservation.

Key words: columnar apple trees; net photosynthetic rate; transpiration rate; water use efficiency;
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dry matter of apple trees
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Tab.1 Effects of water and mulching treatments on net photosynthetic rate (P, ), transpiration rate

(T,) of apple trees’ leaves at different growth stages

Koy HOLAHAE P,/ (umol-m ™2 s 71) FEMEHR T,/ (mmol-m 2 s~ ")
A A JFAEEER RS RSN A5 3 FEIERERS RSl RIS Az
W1 6.99+£0.57¢ 12.93 £0.59¢ 10.52£0.53" 5.96 £0.66% 2.41 £0.74% 3.03 £0.46" 2.75+0.32% 2.17 0. 66
W2 10.62 +£0.49" 15.95£0.78¢ 13.42+0.64° 7.21 £1.25"¢ 2.59 +0.56% 3.64 £0.28°) 3.31 £0.84" 2,39 +0.25%
M W3 11.26 £0.08" 16.78 £0.35" 14.59 £0.50> 8.08 £1.09" 4.19 +0.85" 4.75£0.15" 4.34 £0.38> 3.90 +0.84"
W4 13.13 £0.46" 18.29 +0.53" 15.96 +0.52* 9.02+0.71° 5.37 £0.33% 5.80£0.45° 5.80+0.53"  4.93 +0. 82"
W1 6.18+0.36° 11.58+0.72° 9.67+0.76% 5.15+0.84° 1.80+0.54° 2.76+0.95% 2.44£0.50° 1.55=0.56¢
W2 10.58 +0.93" 15.76 £0.64¢ 13.12+0.70° 6.68 +0.81°% 2.59 £0.25% 3.64 £0.72°)  3.31 £0.76°" 2.15 +0. 49
W W3 11.26 +0.65" 16.46 £0.69¢ 14.11 £0.20* 7.67 +0.86™ 3.25+0.27°! 4.51 £0.80* 3.83 £0.58°!  3.25 +0. 42"
W4 12.65+1.01* 17.72+0.74® 15.17 +0.88™ 8.69 +0.73" 5.01 +0.75" 5.24 +0.80" 5.14 +0.88*  4.69 +0.70°
AR (F i)
Hx 2.13 6.12* 6.16" 6.99 * 5.47 1.31 2.40 3.44"
K 134. 65 ** 99. 28 ** 92. 15 50. 42 " 45.51™ 23.79 ** 26.71 " 32.57*
B x K 0.71 1.12 0.28 0.28 0.96 0.24 0.36 0.25

T FIFVBUES AR TR R AL B 22 5 B35 (P <0.05) o+ FRZREE (P <0.05) , =R 2 RBEE (P <0.01), R,

I 1Y 28 TR DO S SR A AR 7 0 00 40t 4 3R A
R BRI IO . ARV AT R —
I 30 118 ¥ D' 45 TR 25 R 22 R 4 i 4 /K o i 4
I, 25 B A O A B SR 4 e W 4k B i
30.96% ~70.83% , ZE [ A I b W1 Ab B4
fn14.53% ~145.36% . MHFFEK GO T, %
BINE & T oL G MR MZE R, oI, %
BENGRN 70 2 A 7K 1 AT A RN A2 2 SRR 1Y) AE RIS
gl R AR K TR R AR AL EE TR s A A
TFIZE 5 3 R B AR R I« SRS K] > SR S0 Al

B > BRI > A I 3 W SRR A R 5
I RAYI 04 56 5 R R 8 31 T TOT0E 2 P 3 1) A IR i
HHERE
2.3 EXEMBENERMENENZW

4 TR BERE AR g (% 2),
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Tab.2 Effects of water and mulching treatments on water consumption rate and water consumption

modulus at different growth stages of apple tree

wE kg B AR EAZE RSN K I RS R 3
- W/ FEKGREL/  REKEEEY  FRKEREE/ REKBEY FEAGREL/ REAKEIEY  FRKEREE/ REKEREL
mm (mm-d~!) % (mm-d~") % (mm-d~") % (mm-d~") %
W1 407.76 3.294 27.40 2. 408 55.99 0. 834 10. 00 0.77¢ 6. 60
W2 495.49 3.53 24.20 2.99! 57.37 1.13¢ 11.19 1.02° 7.24
M W3 597.60 3.70¢ 21.08 3.81¢ 60. 52 1.37° 11.27 1.22° 7.13
W4 645.23 3.67% 19.34 4.14° 60.91 1. 66° 12. 63 1.31° 7.12
W1 452.71 3. 464 25.97 2.84! 59. 56 0. 80¢ 8.62 0.76¢ 5.85
W2  556.37 3. 86 23.59 3.59¢ 61.23 1.03¢ 9.11 0.97¢ 6.07
" W3 674.28 4,18 21.09 4.34" 61.20 1.48° 10. 74 1.34% 6.98
W4 750.70 4.36" 19.75 4. 85" 61.41 1.79% 11.71 1.53% 7.12
VAR (F )
B 21.83* 0. 40 217.07 10. 43 ™ 0.50 18.06 ** 2.15 2.41
WK 10. 53 * 37.97 463. 00 ** 6.07* 123.81* 15.73** 41.29* 1.52
B MK 1.52 0.27 2.29 1.67 2.33 0.73 1.89 0.45
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Fig.6  Regression relationships of measured growth, evapotranspiration and photosynthetic indexes of apple trees
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