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1.1 REX SRR

ARET 2021 4 3 H—2022 5 11 AL F}
BB X R I A 21T (RE 112°38,
b4 34°67). W XHEREER 172 m, {5H)E
TAE TR, FFHTENT 12~15 C, F
IR KEA T 550~600 mm, [EKZEEHE 7—9
H, P& KEERN 1200 mm, LEHHN 218 d,
SR H IR AN 2 291.6 ho 56 5K FH A H A A 1)
T BHASER WA “HE 8 5 SRR (F
R BEZD, Mt ENE T, IS HAKT.
WS 5 mm 3/, ERRAEREGHN . HE L
AT BT RS HIZE 1.4 g/om’, FRIRSE TR 30
kg, BHATIEMEREN 15.69 mg/kg, HEREA
6.41 mg/kg, EMBEEN 12.6 mg/kg, HEIHEN
145 mg/kg, pH {H N 7.96, H Al i & #F /K ZE N
24.1%.
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2.1 EET KA ER G E KBRS

M 1 AlH, 2021—2022 &4 & MRk A K
B RS L BE F2W2 A3 (B 2021 4195 HY
HEK AN ), 2 a HfE #k AR K& i /ME S HBL7E
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yi N ST S0 B g S = I 7 SR B NS == s |
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Table 1 Effect of water and fertilizer regulation on plant growth of young apple trees at various growth stages cm
Ay EIEALERD EEKAREE EDIRE B HERIY Al R RS 2 H W
w1 20.75+1.48bcd 23.40+1.84abc 23.30+2.69abc 9.95+1.34ab 77.40+7.35abed
F1 w2 22.65+1.20abc 25.95+2.62a 25.00£2.97ab 10.75+1.77ab 84.35+8.56ab
W3 19.00+1.56de 19.50+2.12bcde 17.85+3.89bcd 8.20+0.99abc 64.55+8.56cde
w1 24.1540.92ab 21.90+1.56abed 24.55+2.33ab 9.90+1.13ab 80.50+5.94abc
F2 w2 24.95+1.48a 23.80+2.55ab 27.10+£3.25a 11.20+1.41a 87.05+8.70a
2021 w3 20.00+2.83cd 17.10+4.10def 20.2042.97abed 9.20+0.42abc 66.50+10.32bcde
w1 20.80+0.99bcd 19.95+0.49bcde 20.90+2.83abced 9.25+1.77abc 70.90+6.08abcde
F3 w2 20.40+0.57cd 20.95+0.78bcd 21.80+4.95abed 10.10+£2.26ab 73.25+8.56abcde
W3 16.60+0.42¢ 15.10£2.97ef 15.75+3.32cd 7.95+1.63abc 55.40+7.50ef
w1 15.70+0.14¢ 17.80+0.28def 18.13+2.81bcd 8.00+0.99abc 59.63+3.95def
F4 w2 16.05+2.62¢ 18.70+0.42cdef 18.30+5.66bcd 7.50+0.42bc 60.55+9.12def
W3 11.30+0.85f 14.10+1.27f 13.56+2.04d 6.20+0.28¢ 45.16+4.45f
w1 19.15+4.45a 28.55+4.6ab 10.05+0.64abc 18.60+2.97a 76.35+12.66ab
F1 w2 19.7543.75a 29.95+3.61ab 11.30+2.12ab 18.80+2.12a 79.80+11.6ab
W3 11.35+3.18bc 21.15+2.62abc 6.15+0.49ef 10.10+1.56cde 48.75+7.85¢d
w1 18.70+4.38a 29.50+5.66ab 10.85+0.35ab 20.05+2.05a 79.10+£12.45ab
F2 W2 20.85+2.33a 31.35+5.44a 12.30+1.41a 22.65+1.34a 87.15+10.54a
2022 W3 9.70+2.12bc 20.1542.33bc 6.00£0.99ef 10.35+2.90bcde 46.20+8.34cd
w1 15.35+2.47ab 24.95+5.02abe 9.10+0.57bed 13.75+0.78bc 63.15+8.84bc
F3 W2 15.20+5.66ab 26.754+6.29abc 9.35+0.64bcd 14.50+0.99b 65.80+13.58abc
w3 8.60+0.99bc 17.90+2.26¢ 4.75+1.06f 8.50+1.98de 39.75+6.29d
w1 10.60+0.42bc 22.80+3.96abc 8.00+0.71cde 12.25+0.07bcd 53.65+5.02cd
F4 w2 8.95+0.49bc 20.85+3.75bc 7.20+0.42de 11.50+0.14bcd 48.50+3.82cd
W3 6.50+0.57¢ 16.55+2.19¢ 4.00+0.71f 7.25+1.48e 34.30+4.95d
BEES (P
Jiti JEL 79.637** 17.108* 144.324** 10.040* 166.829**
2021 4 HEK 98.440%* 29.229* 33.310% 19.146* 85.844*
Jit JE = 7K 0.964 1.348 0.857 5.045% 2.431
it A 11.095% 54.776%* 107.011%** 35.306** 33.427%*
2022 4 K 73.186* 21.112% 162.235%* 209.434** 167.102**
Jit =< 7K 3.264 7.963* 3.418 13.005%* 14.340%*

VE RN EENER (P<0.05), »*REAMEEER (P<0.01); SRS T RERSAB A ZFEE (P<0.05), FFE.
k2 RIEAENERZOMELFTNALARENH N

Table 2 Effect of water and fertilizer regulation on basal stem growth of young apple trees at various growth stages mm
A FEARALER  BEIKALER WA R TFAL SRS HE 4 Al B K] S R Eosa=p 1]
W1 1.27+0.16bc 1.65+0.16bc 1.34+0.19abc 0.68+0.06abcd 4.93+0.57bc
F1 W2 1.42+0.16ab 1.73+0.06ab 1.46+0.16abc 0.72+0.10abc 5.32+0.47ab
W3 0.70+0.13efg 1.05+0.15de 0.88+0.06def 0.43+0.01def 3.04+0.10def
W1 1.30+0.23abc 1.74+0.16ab 1.57+0.38ab 0.83+0.14ab 5.44+0.91ab
F2 W2 1.66+0.26a 1.90+0.17a 1.62+0.33a 0.96+0.30a 6.13+1.07a
2021 W3 0.73+0.11ef 0.99+0.01de 0.84+0.13def 0.45+0.08cdef 3.00+0.34def
W1 1.19+0.09bcd 1.48+0.04c 1.17+0.13bcd 0.66+0.10bcd 4.49+0.27bc
F3 W2 1.2340.11bcd 1.57+0.03bc 1.08+0.18cde 0.69+0.13abed 4.57+0.39bc
W3 0.52+0.04fg 0.90+0.07ef 0.72+0.01ef 0.3440.04ef 2.48+0.03ef
W1 0.95+0.19cde 1.42+0.06¢ 1.08+0.06cde 0.57+0.06bcde 4.02+0.13cd
Fa4 W2 0.86+0.19def 1.20+0.04d 0.88+0.05def 0.42+0.06def 3.35+0.04de
W3 0.34+0.05g 0.69+0.01f 0.60+0.05f 0.28+0.01f 1.90+0.01f
W1 1.94+0.35abed 1.01+0.30ab 1.37+0.42ab 1.224+0.21bc 5.53+1.27ab
F1 W2 2.05+0.47abc 0.97+0.11abc 1.46+0.45a 1.25+0.13bc 5.72+1.16ab
W3 1.15+0.18def 0.64+0.06bcd 0.62+0.06cde 0.65+0.10fgh 3.06+0.40cde
W1 2.18+0.49ab 1.17+0.41a 1.64+0.40a 1.38+0.09ab 6.36+1.39a
F2 W2 2.25+0.57a 1.28+0.36a 1.69+0.45a 1.54+0.04a 6.75t1.41a
2022 W3 1.08+0.13ef 0.66+0.04bcd 0.67+0.06bcde 0.75+0.08efg 3.16+0.32cde
W1 1.8940.38abcd 0.8340.11abc 1.32+0.49abc 1.09+0.06¢cd 5.12+1.05abc
F3 W2 1.75+0.40abcde 0.86+0.09abc 1.25+0.37abcd 1.09+0.09¢cd 4.94+0.95abc
W3 0.90+0.19f 0.48+0.08cd 0.52+0.04de 0.54+0.01gh 2.43+0.29de
W1 1.40+0.06bcdef 0.81+0.13abcd 0.97+0.08abcde 0.92+0.04de 4.09+0.30bcd
Fa4 W2 1.27+0.03cdef 0.60+0.26bcd 0.50+0.11¢ 0.79+0.11ef 3.15+£0.51cde
W3 0.63+0.14f 0.32+0.01d 0.36+0.03¢e 0.44+0.03h 1.75+£0.21e
BEWST (B
A 6.130 10.648* 8.179 8.884 9.711%*
20214 HEIK 232.700%* 738.107** 25.740%* 20.138* 88.347*
it A< 7K 1.281 4.908* 19.366** 7.714% 8.373%
e 10.203* 13.620* 13.989* 48.130%* 22.050*
2022 4= K 47.121* 11.487 11.910 293.238%* 27.914%*
Jit JIE <E 7K 2.031 1.558 7.878%* 7.834% 8.294%
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Table 3 Effect of water and fertilizer regulation on leaf area of young apple trees at various growth stages m*/#
o AT HEARAb R W 2 T A6 il S| A Ul R 3 S B EEEH
w1 0.058+0.016ab 0.092+0.027abc 0.124+0.013abced 0.185+0.038abc 0.458+0.095abc
F1 W2 0.061+0.020ab 0.114+0.024ab 0.136+0.023abc 0.194+0.037ab 0.505+0.104ab
W3 0.045+0.005abc 0.077+0.023abc 0.101+0.012bcde 0.120+0.032bed 0.342+0.071bed
w1 0.060+0.011ab 0.102+0.027abc 0.146+0.025ab 0.197+0.037ab 0.505+0.101ab
F2 W2 0.065+0.017a 0.116+0.025a 0.154+0.024a 0.216+0.059a 0.551+0.125a
W3 0.041+0.004abc 0.079+0.024abc 0.096+0.004cde 0.133+0.018bed 0.348+0.05abed
20 w1 0.044:0.007abc 0.086:0.029abc 0.121+0.018abced 0.174+0.027abced 0.425+0.08 1abed
F3 W2 0.049+0.008abc 0.080+0.011abc 0.130+0.027abc 0.180+0.033abced 0.438+0.079abcd
W3 0.033+0.006bc 0.060+0.021bc 0.068+0.013¢ 0.106+0.025¢cd 0.266+0.066cd
w1 0.041+0.015abc 0.075+0.011abc 0.093+0.013cde 0.139+0.016abced 0.347+0.054abcd
F4 W2 0.035+0.011bc 0.060+0.016bc 0.083+0.018de 0.119+0.036bcd 0.296+0.081cd
W3 0.026+0.009¢ 0.055+0.019¢ 0.068+0.021e 0.100+0.021d 0.247+0.069d
w1 0.043+0.005abed 0.135+0.045ab 0.165+0.03abc 0.192+0.035ab 0.534+0.115abed
F1 W2 0.050+0.004abc 0.141+0.042ab 0.176+0.035ab 0.210+0.037a 0.576+0.119abc
W3 0.036+0.004bcde 0.094:0.014abc 0.105+0.013bed 0.12740.022bc 0.362+0.053cde
w1 0.053£0.011ab 0.150+0.052a 0.186+0.046a 0.211+0.049a 0.600+0.159ab
F2 w2 0.061+0.008a 0.151+0.042a 0.195+0.048a 0.218+0.047a 0.624+0.146a
2022 W3 0.032+0.006¢cde 0.091+0.026abc 0.114+0.019bcd 0.128+0.029bc 0.363+0.081cde
w1 0.045+0.014abced 0.090+0.016abc 0.129+0.013abced 0.155+0.019abc 0.418+0.03abcde
F3 W2 0.054+0.006ab 0.106+0.004abc 0.139+0.009abc 0.164+0.02 1abc 0.462+0.033abed
W3 0.026+0.008de 0.070+0.023bc 0.100+0.028cd 0.116+0.03bc 0.310+0.089de
w1 0.041+0.01abcd 0.093+0.004abc 0.110+0.021bcd 0.145+0.019abc 0.388+0.054bcde
F4 W2 0.035+0.008bcde 0.070+0.001bc 0.096+0.011cd 0.118+0.022bc 0.318+0.042de
W3 0.019+0.006¢ 0.042+0.033¢ 0.064+0.042d 0.099+0.025¢ 0.223+0.105¢
BEESHT (P
Jiti A 31.073%* 26.562%* 511.891** 34.625%* 87.195%*
20214 K 9.359 76.642* 38.929* 31.724%* 47.155*
N [RSHIN 1.797 6.019* 6.609* 5.247* 8.258*
Jite A 19.110* 5.258 28.061* 21.220%* 16.607*
2022 4 HEK 51.329% 323.220%* 1406.083** 284.082%* 1476.879**
Jite A ><EE 7K 20.353%* 0.642 1.433 8.928** 2.058
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Fig.1 Effect of water and fertilizer regulation on chlorophyll content (SP4D) of young apple trees at different stages in 2021
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Effect of Saving-water Drip Irrigation and Nitrogen Reduction on Growth and

Photosynthetic Characteristics of Young Apple Tree

*
ZHOU Hanmi, SUN Qili, NIU Xiaoli , CHEN Jiageng, MA Linshuang, SU Yumin, LI Jichen
(College of Agricultural Equipment Engineering, Henan University of Science and Technology, Luoyang 471003, China)

Abstract: [Objective] Reducing water and fertilizer application is critical to developing sustainable agriculture
worldwide. This paper investigates the optimal water-saving drip irrigation and nitrogen-reducing fertilization for
cultivation of young apple in arid and semi-arid regions in northwestern China. [Method] The two-year experiment
consisted of three irrigation treatments by keeping soil water content at 75%~90% (W1), 60%~75% (W2) and
45%~60% (W3) of the field capacity. For each treatment, there were four fertilizations by applying N-P,05-K,0 to
each plant at 18-12-6 g (F1), 15-12-6 g (F2), 12-12-6 g (F3), and 9-12-6 g (F4). For each treatment, we measured the
growth, photosynthetic traits, and water use efficiency of the trees. [Result] F2+W2 combination gave the highest
plant growth, basal stem growth, and leaf area, demonstrating that a moderate water deficit and fertilization
reduction was beneficial to the tree growth. Leaf SPAD started to increase from the budding and flowering stage,
with the impact of fertilization on it ranked in the order of F1 > F2 > F3 > F4, and the influence of irrigation ranked
in the order of W1 > W2 > W3 at the fruit-set and ripening stages. The F1+W1 combination gave the highest leaf
SPAD. Photosynthesis and transpiration increased with the increase in fertilization and irrigation amount. Maximum
water use efficiency was achieved in F1+W2 and F2+W2, with its value being 5.16 and 4.81 pmol/mmol,
respectively, which were 8.6% and 5.3% more than those in FI+WI1. Irrigation amount affected tree growth more
than fertilization, and strong correlations were found between growth, leaf area, SPAD, and photosynthetic traits of
the trees. [Conclusion] The comparative results show that F2+W2 is optimal for young apple tree under drip
irrigation. It indicates that a moderate reduction in irrigation and fertilization did not result in a noticeable effect on
tree growth and can be used as an improved agronomic practice for apple production in arid and semi-arid regions in
Northern China and areas with similar climates.

Key words: drip irrigation; water saving and nitrogen reducing; growth characteristics; physiological characteristics;

young apple trees
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