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Abstract; In order to explore the accurate management mode of water and fertilizer supply for young
apple tree in semi-arid region, the bucket cultivation experiment was conducted to study the response
mechanism of physiological properties and crop water productivity of two-year-old young apple tree to
different water and fertilizer treatments. The treatments consisted of four irrigation levels: 75% ~85%
(W), 65% ~75% (W,), 55% ~65% (W,) and 45% ~55% (W,) of field capacity, and three
fertilization (N — P,0, — K,0) levels: 0.6 -0.6 -0.2 (F,), 0.4-0.4-0.2 (F,) and 0.2 -0.2 —
0.2 g/kg (F,) water-free soil. The results showed that relative and saturated water contents and SPAD
value of young apple trees’ leaves all can reflect the deficit status of soil moisture. The highest and lowest
proline were found in F, W, and F, W, treatments ( that in F, W, was increased by 440. 8% compared with
F,W,), and the highest and lowest malonaldehyde were found in F,W, and F, W, treatments ( that in
F,W, was increased by 167% compared with F, W, ), respectively. The highest water use efficiency of
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leaf (WUE) and crop water productivity (CWP) both appeared in the treatment of F, W, of which the net

photosynthetic rate P,, transpiration rate T, and stomatal conductance G, were decreased by 18.8% ,

29.1% and 23.2% , respectively, while WUE was increased by 14.2% , dry mass was decreased by

5.2% , water consumption was also decreased by 16. 4% and CWP was increased by 13.4% . WUE can

reflect the CWP to some degree and the treatment of F, W, reached the best water and fertilizer coupling

mode.
Key words: Apple tree  Water and fertilizer
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Fig.1 Effects of different water and fertilizer treatments
on relative and saturated water content of young

apple trees’ leaves
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Fig.2 Effects of different water and fertilizer treatments on SPAD values of young apple trees’ leaves
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Fig.3 Effects of different water and fertilizer treatments on

proline and malonaldehyde of young apple trees’ leaves
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Tab.1 Effects of different water and fertilizer treatments on net photosynthetic rate (P,) and
transpiration rate (7. ) of young apple trees’ leaves
MEHE ik Ot A R/ (pmol-m "7 s 1) ZE % 2R/ (mmol-m "% -5 ™)
MhE kb¥ 5 A30 H 6J130H 7H2TH 8 424 H 5H30H 6 530 H 7H27H 8 H24H
W, 11.35+0.94" 14.54 +0.60* 22.37 £0.86" 15.30 +0.97* 5.08 +0.38* 5.11£0.40* 6.52+0.17* 6.60 +0. 18"
F, W,  10.00 +0.74* 12.29 +0.16° 20.60 +0.91" 14.23 £0.45" 4.30 +0.30" 4.05+0.17" 6.18 £0.17" 6.10 +0.37*
Wi 7.58 £0.28°" 9.24 £0.08°" 17.46 +0.55% 12.35 +0.56" 3.33 £0.09°" 3.17 £0.08" 5.75+0.10"" 5.53 £0.23"
W, 6.09=1. 11" 817 +0.138" 16.00+0.44°" 8.57 +1.21¢ 2.99 £0.29% 2.95+0.16% 5.63 £0.09° 5.02 £0.36*
W, 10.13 £0.26™ 13.00 0. 04" 21.23 +1.28" 15.23 20.92" 4.07 +0.03" 4.24 +0.07" 6.02 20.37" 5.43 +0.22"
F, W, 8.16=1.62°" 10.73 £0.44" 19.78 +1.00* 12.97 £0.08" 2.88 £0.68" 3.28 +0.16°" 5.59 £0.24°" 4.78 £0. 15*
i Wi 6.77£0.73%  8.61 £0.40% 17.54 20.89" 11.07 +0.65° 2.58 £0.05"" 2.97 +0.03% 5.36 +0.07% 4.58 +0.01
W, 4.83£0.52" 7.74+0.15" 15.58 +1.55" 8.05£0.97% 2.04+0.12% 2.54£0.01" 5.04+0.18° 3.91+0.62°
W,  8.69+0.38" 9.52+0.38° 18.87 +0.81*" 13.34 +0.85" 4.01 £0.23" 3.58 £0.05° 5.63 £0.03° 5.21 +0.44
¥, W,  6.75+0.04% 8.72+0.23% 17.44 £0.75% 10.97 £0.80° 2.89 0. 11" 3.01 £0.23% 527 £0.49% 5.26 0. 48
Wi 4.62+0.12% 7.81 £0.06" 15.25+0.44"% 8.01 +£1.20% 2.24 +0.56"¢ 2.82+0.01°" 5.00+0.49° 3.78 +0.51°
W, 4.07 £0.46° 5.93£0.42" 13.75£0.82% 6.48+0.34° 1.74+0.21¢* 2.56+0.01' 4.33£0.40" 2.79 £0.08'
BEERL (F E)
K 91.838" * 217.005 " * 141. 653" * 97.213" % 163.849 " * 783.327" " 80.974 " * 38.861 "~
Jiti AT 10. 840 146.316 " * 86.874" * 64.793 " 21.140" 19. 647 * 17.844 " 121.722" "
HEAK x it e 0. 564 16.294 " * 1. 080 0.918 0. 390 9.541" " 1. 026 2.396

TE: * RREFREE(P<0.05), =  RIRZEFWEE (P <0.01) 5 FFNVEAH 5 A R 7 5 KR8 40 #LH 2 57 B % (P <0.05) , F A,
2 FAEAKEBLEMERGHIHAFSASENKSF ARENZ Y
Tab.2 Effects of different water and fertilizer treatments on stomatal conductance ( G,) and water use
efficiency (WUE) of young apple trees’ leaves
i A Wk AAL T/ (mmolem ~2es 7! K4 A3/ (pmol - mmol ~')
pus:l LB 5H30H 6 130 H TH2TH 8 424 H 5H30H 6 430H TH2TH 8 424 H

W, 155.34 £51.38"  277.46 £12.20°  481.32 +£38.80°  220.03 +13.83*  2.23£0.02" 2.85+0.10"¢ 3,43 £0.05"  2.32 0.08°"

F, W, 129.77 £26.58""  240.54 £2.00*"  456.40 £2.67"  178.85 £26.27""  2.32£0.01™  3.03 £0.09"  3.34 £0.06™° 2.34 +0. 07
W, 77.62 £24.37°%  199.97 26,981 365,88 £73.32"0 11238 £27.77°%  2.28 £0.02*"  2.91 £0.05"" 3,04 20.07"  2.23 £0.01°
W, 62.28 £8.85°%  166.80 £25. 14" 276.60 £62.01% 117.72£29.51°°  2.02£0.17"  2.78 £0.19°"  2.84+0.06°  1.72 +0. 36"
W, 109.54 +8.44™ 245,69 £12.04™  422.95 £56.31""  194.14 £16.07°  2.49 20.08*"  3.07 £0.06™  3.53£0.10°  2.80 £0.05"

F, W, 90.70 £8.51"%  218.85 £14.42"  410.64 £43.60™"°  150.33 £4.62"  2.85x0.11°  3.2720.02"  3.53£0.06*  2.72%0.10"
Wi 85.15£10.67"% 180.53 £33.05°°  311.87 £8.25°" 139.08 +12.39"¢ 2,62 £0.33*"  2.90 £0.10"! 3,27 20. 13" 2,41 £0. 14>
W, 46.53 £1.90°  146.07 £40.92°" 27402 +78.28%  94.09 +21.17%  2.39 £0.40**  3.04 £0.06""  3.09 £0.26°" 2,07 £0.08°
W, 100. 17 £8.06"" 185,47 £3.05°"  356.82 £61. 74" 146.49 £19.13" 2,17 £0.22*"  2.66 +0.14%  3.3520. 13"  2.56 £0.05""

F, W, 75.52 £25.37°% 15748 £0.98""  257.91 £81.57°" 139.07 £13.24"%  2.34 £0.10°*  2.90 £0.14"" 3,32 £0.22**  2.09 £0. 04
W, 51.56 £19.43% 12917 £14.73"  264.72 £41.86™"  86.17 £17.44°  2.1320.59""  2.77£0.03°"  3.07 £0.21°% 2,11 £0.03*
W, 52.84 5.19% 84.94£3.015  169.73£36.86"  72.63£9.43°  2.37£0.55""  2.31£0.16° 3.19£0.21"¢ 2.32+0.19°"

BEERTR(F )
Tk 33,765 * 38.794 " * 78.317" % 91. 140 * * 11.810* 14.212* 56.189 % * 30.935"
Ji A2 1.693 31.322" 12.790 * 34,158 " 1.073 22.527°* 2.927 11.751
K x R 1.577 1.021 1.925 1.584 0.631 3.250 3,656 " 3.773

B & F K- (P <0.05) 5 /K NE 32 5 AE X5 1 9 o i
KRR CWP S m A B %,

W3 FiR, e — @ &0 T, SERG R T
Wy 5 J5 R R RE K B B B K BIMRIR W,
W, W WK — & MET,E R T 9 0
Jo e FAE K B B R B MK IR by FLF, S,
SERACIN VRTINS R B 7/ Dl R A I 5 - i

& TE B RN AE R R 3 0 S B TR T
e TERNERE & 25 15T, 30 3 4 B W) Jot Joi 4 e
KA AT DL W KIS 5 SRR B0 o 0 5 o AR 0 RE
IR e RAE — R BLAE K R B W, b B
s /ME AR H BUAERORARAE /9 B, W, A0 B, 3 158 ] 5
SRy A v K e IS Y A B R R K R ok, T R
PR e 2, T R RS AR K R
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Tab.3 Effects of different water and fertilizer treatments

on dry mass, water consumption and crop water

productivity (CWP) of young apple trees

WEAR K THIBE/ KA/ KT HE R,

AbEE Ab P (g-tk™") (L-#k") (kg'm™?)
W, 341.47 +11.60™ 208.01 £4.95" 1.64 =0.01"'
¥, W,  337.27 £10.61" 190.33 +7.78" 1.77 £0.01"
W,  288.93 +£7.07° 168.45 £7.35° 1.72 0. 04"
W, 22413 £7.07" 140.71 +1.81% 1.59 £0.07%
W,  348.21 £7.78" 207.32+7.07" 1.68 +0.01"
P, W2 323.67 z6. 36" 173.95+2.12° 1.86 +0.01°
W;  271.97 £3.75%  149.70 £0.72% 1.82 £0.01%
W, 223.68 +15.20" 131.22 +2.83° 1.71 £0.08*
W, 293,18 %7.07° 186.06 +6.65" 1.58 +0.02"
F, W,  265.52+£8.64° 162.93 +7.78° 1.63 +0.03"!
W, 237.32£7.92"  148.14 £6.31¢ 1.60 £0.01°®
W,  203.01 £3.90% 133.24 +2.12° 1.53 £0. 05"

RS (F (H)
K 4143.262" " 1510.599 " * 81.435" "
Jiti AR 65.238 " 11.185 19.803 "
HE K x it AT 2. 606 2.503 1.228
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