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Effects of Water and Fertilizer Coupling on Growth and Physiological
Characteristics of Young Apple Tree under Drip Irrigation

ZHOU Hanmi ZHANG Shuo DU Xinwu NIU Xiaoli WANG Shengsheng XIE Xiaolin
(College of Agricultural Equipment Engineering, Henan University of Science and Technology, Luoyang 471003, China)

Abstract: In order to explore the scientific and reasonable irrigation and fertilization system for apple
trees in semi-arid region, the effects of water and fertilizer coupling effect on the growth and physiological
characteristics of young apple trees in northern semi-arid region under drip irrigation were studied. Four
irrigation levels and three fertilization levels were set, among which irrigation treatment was 75% ~90%
(W1), 65% ~80% (W2), 55% ~70% (W3) and 45% ~ 60% (W4) of field water holding
capacity. The mass ratios of N, P,0y, K,O to air-dried soil were 0.9 g/kg, 0.3 g/kg, 0.3 g/kg (F1),
0.6 g’kg, 0.3 g/kg, 0.3 g/kg (F2) and 0.3 g/kg, 0.3 g/kg, 0.3 g/kg (F3), respectively. The
results showed that: under different water and fertilizer coupling treatments, the maximum value of plant
growth, leaf area and dry matter weight of young apple trees at each growth stage appeared in F1W2
treatment, and the minimum value appeared in F3W4 treatment. Compared with F1W1 treatment, plant
growth and leaf area were increased by 6.9% , 6.2% , 11.0% , 2. 7% and 9.3% , 5.8% , 5.0% and
3.3% , respectively, at germination and flowering stage, shoot growth stage, fruit setting and maturity
stage. The growth index could reflect the physiological characteristics of crops to some extent. With the
growth of the trees, different water and fertilizer coupling treatments had more and more influence on the
SPAD value of apple trees’ leaves. Water consumption of apple trees during the whole growth period was
increased with the increase of irrigation amount and fertilizer amount. Water productivity of apple trees
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under F1W2 treatment reached the maximum of 2. 43 kg/m’, and increased by 14.6% compared with
that of F1W1 treatment and water consumption was decreased by 12. 2% . The maximum value of net

photosynthetic rate, transpiration rate and stomatal conductance of young apple trees appeared in F1W1
treatment, and that of F1W2 treatment were decreased by 4.2% , 9. 7% and 4.2% , respectively, but
water use efficiency was increased by 5. 9% , and the maximum value also appeared in F1 W2 treatment.

In conclusion, F1W2 water and fertilizer treatment reached the best water and fertilizer coupling mode

and was the best irrigation and fertilization system.

Key words: apple; drip irrigation; water and fertilizer coupling; growth characteristics; physiological

characteristics
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Tab.1 Experimental treatments

K AL

AL B

FEITHEIK)

Wi w2 W3 W4
CRBE ) (B k) (EEET )
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Tab.2 Effects of water and fertilizer treatments on growth of young apple tree at different growth stages cm

MEACAbEE  HEAKAb B B 2T AR RS A K A SRR I LAHEM
W1 (10.2 +0.8) (14.5£0.9) (11.8 £1.3)% (7.41.1)® (43.8 £4.2)®
w2 (10.9 £1.4)* (15.4 £1.0)* (13.1£1.1)* (7.6 +1.1)* (47.0+4.7)"

F w3 (8.6 +1. 60 (14.0 £0.5) (10.8 +1.6) ™ (6.9£0.8)® (40.1 +4.5)

W4 (6.9 £0.8) (12.6 +0.3)bd (9.1 %0.9)"d (5.7 0. 4) % (34.2+2.7)b

W1 (8.4 =1.4)" (14.0 £0.6) (10.4 £0.9) (6.7 +1.2)e (39.4 £4.1)%

w2 (8.8 £1.3)% (15.0+0.6)*" (11.3 £1.9) % (7.2+1.7)® (42.3 £5.4)®

k2 w3 (7.7 £1.7)" (13.4 £0.5) b (9.8£0.9)" (4.9 £1.1)bd (35.7 +4.2)"

W4 (7.1%1.6) (12.0+£0.5) < (8.9x1.1)« (4.30.9) (32.1£4.1)

w1 (7.6 £1.0)" (14.0 0. 4) e (9.8 £0.8)" (5.8 +1.1)d (37.2£3.3)¢

w2 (7.2£0.9)" (12.3+1.6) (9.4£0.7)" (5.6 £1.4)ad (34.4 £4.7)bd

3 W3 (6.7+1.0) (11.5+1.5)% (8.9 £0.4)« (3.9£0.4)¢ (30.9 £3.2)

W4 (5.1+1.0)¢ (10.1+1.0)° (6.4=1.1)¢ (3.8+0.5)¢ (25.4£3.5)1
HEK 106. 589 ** 64.992 ** 259. 133 * 17.126* 120. 340 **
Foogtie 42,120 27.477" 34,951 46.356 " 274,284 *
HEIK X A 9.770 ** 5.779* 4.159 9.892* 17.119*

T o« FRZEREE (P <0.05) , == FIORZEFWRE (P <0.01) ; FFNETF R AR FHRFRIR P <0.05 KF2ERRE, TR,
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Tab.3 Effects of water and fertilizer treatments on leaf area of young apple tree at different growth stages

m?/ bk
it A Ak B KA (e Siia LN Ak SR KB I
w1 (1.18 £0.09) (1.71 £0.14)* (2.01 £0.22) (2.12+0.16)*
w2 (1.29 +0.14)* (1.81 +0.15)*° (2.11 £0.16)* (2.19£0.25)*
Fl w3 (1.00 £0. 13)bede (1.52 0. 15)®* (1.68 0. 13) et (1.74 £0. 12) "
W4 (0.87 £0.13) %! (1.31 £0.17)bede (1.47 0. 19) %t (1.61 0. 14 )4
W1 (1.11 0. 11) b (1.53 £0.16)® (1.80 £0. 13 ) abed (1.94 £0.22)
w2 (1.19 £0.11)* (1.60 £0.12)* (1.87 £0.10)** (1.96 £0.18)*
12 W3 (0.93 0. 11)%f (1.34 £0.09)bede (1.58 0. 16) e (1.71 £0.01) "™
W4 (0.80 £0.12) (1.16 £0.20) * (1.32£0.16) " (1.35+0.17)¢
W1 (1.00 £0. 07 ) bede (1.51 £0.11) 2 (1.70 £0. 11 ) bede (1.86 +0.10)®
w2 (0.94 +£0.08) et (1.35 £0.08)bede (1.61 0. 11) (1.71 £0.01) "™
3 W3 (0.88 +0.01)% (1.17 £0. 21 )« (1.40 £0. 11)°% (1.49 £0. 10)
W4 (0.70 £0.08) " (1.03+£0.13)° (1.23 £0.12)® (1.33£0.05)¢
WK 276. 662 ** 168. 083 ** 601. 816 98. 422 *
F JiE AR 19.301* 560. 794 ** 55.845* 17.702
K x AR 9.002 ** 3.369 11.462* 1.970
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Fig. 1  Effects of water and fertilizer treatments on SPAD of young apple tree at different stages
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Tab.4 Effects of water and fertilizer treatments on dry mass, water consumption and crop water productivity

(CWP) of young apple trees

Jite A Ak 2 KA FTYFR/ (g ") FeKE/(LbkT) KA/ (kgem ™)
Wi (539.05 +18.77)® (255.21 £11.31)° (2.12 £0.02)¢
w2 (543.27 +26.87)° (224.03 £9.19) b (2.43 +0.02)*

H W3 (482.88 £31.90) b (203.15 £13.86) (2.38 +0.01)*
W4 (416.13 £21.92) (178.91 +11.00) ‘&t (2.33£0.02)
w1 (508.71 £23.33) ¢ (241.02 £9.90) (2.11 20.01)¢
w2 (509.20 +14.81) (215.15 £8.49) <! (2.37 £0.02)®

k2 w3 (459. 47 £24.96) < (192.40 £9.21) (2.39 £0.01)
W4 (394.98 £36.70) " (170.42 £10.61) " (2.32+0.07)"
Wi (504. 68 +8.49) (233.76 +6.65) ' (2.16 0. 03)
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Fig.2  Effects of water and fertilizer treatments on photosynthetic characteristics and water use efficiency of young apple tree
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