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Effects of nitrogen fertilizer types on apple tree growth,
fruit yield and quality under drip fertigation

SUN Jianxi', ZHAO Lu', YE Ruirui', LI Rui’, LIU Jie', HU Tiantian'
(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid Areas of Ministry of Education, Northwest A&F University ,
Yangling , Shaanxi 712100, China; 2. Shenmu Agricultural Technology Promotion Center, Shenmu, Shaanxi 719399, China)

Abstract ;: The Loess Plateau is a key apple-producing region in China, where improper irrigation and nitrogen
fertilizer management can cause issues like unstable apple yields, reduced fruit quality, and soil degradation. In
this study, three different types of nitrogen fertilizers, urea (U), urea ammonium nitrate liquid fertilizer (UAN) ,
and urea + calcium ammonium nitrate (UCAN) , were used in a two-year drip fertigation trial with densely planted
dwarf apple trees as the research object to investigate the effects of different nitrogen fertilizer types on the apple
growth, yield, quality and soil nitrate nitrogen residue. The results showed that the new shoot growth and leaf area
index of UCAN and U treatments under drip fertigation were generally higher than those of UAN treatment.
Compared with the U treatment, the apple yield of UCAN treatment increased by 12.64% and 37.92% in 2021 and
2022, respectively, and the apple yield of UAN treatment increased by 22.44% in 2022. Compared with U treat-
ment, UCAN treatment significantly increased the soluble solids, titratable acid content, and nitrate content of ap-
ple fruit, while reducing flesh hardness and sugar acid ratio. However, UAN treatment could increase the soluble
sugar content and sugar acid ratio of fruits and reduce the VC content and fruit flesh hardness. Nitrogen fertilizer

types had no significant effect on single fruit weight and fruit shape index. Except for the 0 ~80 c¢m soil layer in
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2021, the effect of nitrogen fertilizer types on soil nitrate nitrogen residue was not significant. The comprehensive e-

valuation of TOPSIS, based on apple yield, quality, and environmental benefits, showed that the UCAN treatment

had the highest overall benefit, followed by the UAN treatment, and finally the U treatment. This provides a theo-

retical basis and data support for nitrogen fertilizer management in apple orchards.

Keywords: apple tree; nitrogen fertilizer type; yield and quality; soil nitrate nitrogen residue; TOPSIS com-

prehensive evaluation
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Fig.2 Effects of nitrogen fertilizer types on the growth of apple trees shoots
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Fig.4 Effects of nitrogen fertilizer types on apple yield
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Table 2 Effects of nitrogen fertilizer types on apple quality

Iy Jren HORE FILAeE 254 WYERTEY  ATHSMERE TR AERRd: WERR L
Ye: Treat ) " Single fruit  Fruit shape  Hardness /(mg - Total soluble  Soluble Titratable Nitrate Sugar-acid
et reatment weight/g index /(kg - em™)  100g7") solids/ % sugar/ % acid/%  /(mg - kg!) ratio
U 231.52+1045  0.87+0.03 6.65+0.07  4.14+0.17a 11.31x0.12b  8.92+0.33 0.22+0.03  61.7+1.23b  40.3+4.63ab
UCAN 233.11+1245 0.83+0.02  6.79£0.08  3.69+0.29a 13.27+046a 9.19+0.09  0.25+0.02  70.79+2.94a 36.58+0.37b
2021 UAN 226.68+9.43  0.84+0.01 6.75+0.11  2.71+0.44b 13.06£040a  9.75+0.62  0.22+0.03  64.62+1.37b 45.62+5.72a
E%& ns ns ns * ns ns * *
Significance
U 280.40+£5.51  0.90+0.03  6.50+0.15a  3.91+0.23a  11.71+0.67 5.85+0.28b  0.14+0.01b 56.16+4.15ab 43.59+5.01ab
UCAN 280.54+£8.88  0.90+0.02  6.39+0.22a  4.36+0.36a  11.92+0.82  6.74+0.64ab 0.18+0.02a 60.40+4.05a 38.55+4.32b
2022 UAN 27556585  091+0.02  593+0.22b  3.03£0.12b  11.90+0.82  7.46+0.20a  0.15+0.01b 51.70+4.31b 50.97+6.09a
. E%‘ri ns ns * ns ES * * E3
Significance

TE RPN P AR ERE" s A — AR E A R/NG TR R AL B 22 53 35 (P<0.05) , RARIE/ NG - RESLII AL BE i) 22 5 R 35

* FoREFME(P<0.05) ,ns BREFALE,

Note: The data in the table is “mean * standard deviation”. Labeling different lowercase letters within the same year indicates significant difference

between treatments ( P<0.05) , while not labeling lowercase letters indicates insignificant differences between treatments. * means significant difference

(P<0.05), and ns means insignificant difference.
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Fig.6 Comprehensive evaluation index system for apple production



TR X A RFFE Fa2 6

108

710 €970 ¢s0°0 SYN0] 690°0 L90°0 £€90°0 €L0°0 cLO0 L0°0 680°0 (414
L¥1°0 092°0 6170°0 LS00 [L0°0 990°0 190°0 990°0 690°0 0L0°0 780°0 120T
@—)—me@h :@WOH.:E w:.w:u 1esns x@ﬁgm Oﬁﬁh .—H\—Wwbg mﬁ:Om
PIPIA BILAIN] SSoupIRH ) Urtweirp RCEDY
QRN [10g - a[qerenL], a[qnog adeys jmuay proe-1esng 1y 9[3urg Ty ¥ a[qn[os [e1o], D T Gty
EEEAEASATE Te = G B RS AGK PRRE B R . [ A1 34 [ S M
poyew uoneurquiod 9Andslqo pue 9anoslgns uo poseq sjysom oalsusyerdwor) ¢ 9[qr],
ENSCHHENUOHKSEELE ¥
8L0°0 €81°0 LLOO 80°0 760°0 L80°0 9L0°0 880°0 LLOO 9L0°0 080°0 0T
1110 I81°0 890°0 £60°0 101°0 980°0 2L00 €L0°0 cLO0 0L0°0 €L0°0 120¢
anpisar uaSonu proe 1edns xopur oner 1yStom sprjos
PIPIA . . \ . e QTenIN SSoUpIEH . D urweirp LN
QenIu [10g - a[qeIRIL], a[qnog adeys jmiy proe-1eSng 1y ofsuIg T ¥ aqnos e10], D T Gty
LT - ETEL SEEa T WSk Af K N ik M AR O
poyrew Ny, LI4yn—-Adonuy a1 U0 paseq mEm@s ®>EU®.EO ¥ 9q®y,
EX ST OILNMD- £ F v
.Emmm.\s I010BJ(NS $910UdP S ,Emﬁ&s 10108] S9j0UOp JJA\ 910N
81°0 Se0 £€0°0 £€0°0 S0°0 S0°0 S0°0 90°0 90°0 LO0 60°0 TOM B XUXE
81°0 Se0 LO0 LO0 010 010 010 cro €10 ¥1°0 61°0 SM HXPE RS
81°0 S€°0 8%°0 AN E X
anpisar usBoniu proe 1e3ns xoput orex 1ySom sprjos
) aeny ssoupIep| ) unep 1010BJ(Ng
ajenu [10g a[qerenL], arqnros m%ﬁm iy Eum-Hmw:m iy u_m:mm K2 nE TR a[qnos [eio], 5 %m_u&\ %_ﬂw
BT P WAL HES OFERE N B e o W61 4 L v
anpisar usfoniu IenIu [10g = Lireng) 10108 ]
FeRE-AYE IR S h O # M
uononpoid ojdde jo uonenfess oarsueyardwor) 19818) [[RI9A()
WML Tk G

TOJ#@E ﬁ@ m:,ﬁ uo Muww,m& wwﬂwm@g ®>ﬁOU‘—.33m ¢ UMQNF

BEXNWFEHZMH 0O LT ¥



56

PN S T REEAT T ZUNE S B0 SRR A R K7™ kit BT ) 5 109

F6 ET TOPSIS WERFE MR, TIEAKBHSAINE
Table 6 Trading off apple yield, quality, soil nitrogen
residue based on TOPSIS

2021 2022 Tl
QbR Mean value
Treatment HE4 HE4 HE4
‘D H ‘D H H,
oD ‘  Rank bbb ‘  Rank ! Rank

U 0.76 0.57 043 2
UCAN 053 0.81 060 1
UAN 0.77 055 041 3

0.71 0.61 046 3 0.44 3
053 0.79 0.60 1 0.60 1
0.63 0.67 0.51 2 0.46 2

T D FR B E BAREAR (5] B9 B B, D™ R B i B AR AL AR ] Y
BREY , H 2R B ASREA ROAR X T L

Note: D" denotes the distance to the positive ideal sample, D~ de-
notes the distance to the negative ideal sample, and H; denotes the

relative closeness to the ideal sample.
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