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has attracted the attention of scientists around the globe. In order to improve the quality and yield of strawberry along with the utili-
zation efficiency of water and fertilizer, this study examined the effects of integrated water and nitrogen management on the yield
and quality of strawberry under partial root-zone irrigation. The main objective of the study was to provide a scientific basis for
highly efficient utilization of water and fertilizer of strawberry. In the experiment, two factors (water and nitrogen) were set up with
three levels for each factor. The roots of strawberry were well distributed in two zones — wetting and drying zones (A/B). The rela-
tive water content of soil was 80%=5% in the wetting zone (A). For the drying zone (B), the relative water content was in three levels,
which were 20%+5% (sever water stress, SS), 35%+5% (moderate water stress, MS) and 50%=+5% (light water stress, LS). At the
same time, nitrogen fertilizer was set at 3 levels, which were respectively 0.50 g(N)-kg™" (lower N, LN), 0.75 g(N)-kg™' (medium N,
MN) and 1.00 g(N)-kg™' (high N, HN). The two (A and B) zones of control (CK) were 80%+5% of soil relative water content and
medium nitrogen [0.75 g(N)-kg™'] fertilize rate (i.., the conventional production mode). Based on the test data, the growth, quality
and yield of strawberry under different water and nitrogen conditions were analyzed and evaluated using Principal Component
Analysis (CPA) and polynomial fitting. The main findings of the study were as follows. 1) Due to partial root-zone irrigation, water
utilization significantly dropped while water use efficiency (WUE) improved during the growth period of strawberry. The rates of
irrigation water under SS, MS and LS treatments were respectively 14.77 L, 16.62 L and 18.47 L per plant. Compared with the con-
trol treatment (which was 25 L-plant™), irrigate rates for 3 treatments dropped respectively by 40.0%, 32.5% and 25.0%. Under
MSMN treatment, WUE of strawberry was 13.55 g-L™, 47.1% higher than that under CK treatment; but the yield change was not
significant. The yield of strawberry was the highest under LSMN treatment among all treatments, which increased 4.4% over that
under CK treatment. 2) The contents of V¢, soluble sugar, organic acid and sugar acid ratio of strawberry fruits under MSMN treat-
ment were respectively 63.32%, 12.48%, 3.90% and 8.31% higher than that under CK treatment. The effects of integrated water and
nitrogen management on the yield, quality and WUE of strawberry indicated that the most suitable model of water and nitrogen
management for the production of strawberry was 0.75 g(N)-kg™' nitrogen rate with relative soil water content of 80%+5% in the wet
zone and 35%+5% in the dry zone (i.e., MSMN).

Keywords: Strawberry; Partial root-zone irrigation; Nitrogen application rate; Water and nitrogen coupling; Quality; Yield;
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Table 2 Yield per plant and water use efficiency (WUE) of CK (472.6+25.6) mgke™,

strawberry under different water and nitrogen treatments

L Yield per
Treatment  lITigation aF whole plant Water use effi-
growth period per (2) ciency (gL )
plant (L)

CK 24.62 226.78+9.26a 9.21+0.38d
LSLN 18.47 118.22+4.83d 6.40+0.26¢
LSMN 18.47 236.36+£9.65a  12.80+0.52b
LSHN 18.47 182.45+7.45b 9.88+0.40d
MSLN 16.62 191.49+£7.82b  11.52+0.47¢
MSMN 16.62 225.24+9.20a  13.55+0.55b
MSHN 16.62 184.03+£7.51b  11.07+0.45¢
SSLN 14.77 164.49+6.72¢  11.13+£0.45¢
SSMN 14.77 226.01£9.23a  15.30+0.62a
SSHN 14.77 196.68+8.03b 13.31+0.54b

+
0.05 Data in the table are mean + std., different

lowercase letters in the same column mean significant differences at
0.05 level.
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Table 3  Effects of water and nitrogen coupling on root growth of strawberry under partial root-zone irrigation

Root fresh weight (g) Root length (cm)
Treatment Shoot fresh weight (g) A B A B Root-shoot ratio
Zone A Zone B Zone A Zone B

CK 115.30+3.03a 10.09+0.55gA 12.54+0.32cA 33.63+1.81aA 33.17+1.21bA 0.20+0.01¢g
LSLN 65.49+2.95¢ 6.40+0.22hA 5.93+0.25¢A 27.53+£1.88cA 27.97+£0.96¢cA 0.19+0.00g
LSMN 91.98+3.60c 13.28+1.18fA 14.55+£0.98bA 27.57+£0.94cA 26.17+1.80cdA 0.30+0.01¢
LSHN 100.82+7.07b 13.28+0.34fA 11.76+0.74cB 30.83+0.81bA 31.57+1.13bA 0.25+0.01f
MSLN 77.47+4.40d 17.09+0.44cA 11.82+0.54cB 23.77+0.60eB 27.57+£0.94cA 0.37+0.01b
MSMN 115.83+2.95a 16.32+0.44cdA 17.66+0.73aA 23.67+0.76eA 26.17+1.85¢cd A 0.29+0.01cd
MSHN 106.13+4.38b 15.31+0.38deA 14.01+£0.51bB 29.83+1.02bB 36.67+0.99aA 0.28+0.01de
SSLN 53.53+3.17f 14.38+0.35¢efA 9.14+0.45dB 26.33+0.68cdA 26.27+0.88cdA 0.44+0.01a
SSMN 104.57+6.22b 20.13+1.52bA 9.33+0.42dB 24.57+0.61deA 23.97+1.74dA 0.28+0.00e
SSHN 121.97+4.32a 24.56+0.80aA 4.52+0.15fB 20.57+0.62fB 26.07+1.84cdA 0.24+0.00f

(F ) Significance test (F value)

Water 20.46" 301.19" 311.53™ 57.73" 25.93" 174.90”
Nitrogen 251.46" 111.917 173.65 8.327 42.80" 164.02"
- 19.22" 55.35" 70.297" 36.357 10.06" 216.13"
Water x nitrogen
0.05 gk EE P<0.05 P<0.01 Different lowercase

letters in the same column or different capital letters in the same row indicate significant differences at 0.05 level. *, ** mean significant effects at P <
0.05 and P < 0.01 levels, respectively.

2.3 H~N), 6], ,
4 , LSMN MSMN
, LS (F) 28.64  26.44,
Ve
) LN , F1=0.328507.X1+0.330 842X2+0.431564.X3+
: 0.539257X4-0.163 737X 5+0.527 988X 6
MN , F2=0.520883X1-0.278 838 X2+0.310 745X3— )
Ve 0.109 882.X4+0.668 821.X5—0.308 176 X 6
’ F3=-0.227463X1+0.819170X2—0.114 844 X3+
’ 0.075859.X4+0.461802.X5-0212170Xs O
VC’ F =0.4684F1+0.263 6F2+0.127 4F3 (7
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Ve(X) X) 236.36g ' 22524g ' 22601g
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Table 4 Effects of water and nitrogen coupling on quality of strawberry under partial root-zone irrigation
Ve
Treatment Vc content Soluble protein content Soluble solids Soluble sugar content Organic acid content . .
o ) o o o Sugar acid ratio
[mg(FW)-100g™ '] [mg(FW)-g™'] content (%) (%) (%)

CK 47.96+1.75¢ 0.65+0.02a 10.37+0.21d 5.77+0.02bcd 0.77+0.04cd 7.46+0.38bcd
LSLN 66.81+1.19¢ 0.67+0.05a 11.17+£0.49b 6.76+£0.50 a 0.71£0.02e¢ 9.46+0.47a
LSMN 86.19+1.54a 0.66+0.03a 11.80+0.26a 6.70+£0.25a 0.90+0.03a 7.46+0.48bcd
LSHN 59.66+1.94d 0.66+0.03a 10.67+0.31cd 6.30+0.82abc 0.82+0.01bc 7.7140.88bc
MSLN 49.414+3.18¢ 0.62+0.03ab 10.40+0.10cd 5.47+0.28d 0.81+0.02bcd 6.76+0.45d
MSMN 78.33+£1.09b 0.63+0.11a 11.20+0.46b 6.49+0.44ab 0.80+0.01bed 8.08+0.57b
MSHN 41.57+3.28f 0.71+0.02a 10.47+0.15¢d 5.80+0.61bcd 0.83+0.05bc 7.03+0.74cd
SSLN 65.38+3.52¢ 0.50+0.04c¢ 10.87+0.21bc 5.62+0.11cd 0.81+0.03bed 6.93+0.29cd
SSMN 26.98+2.82h 0.67+0.12a 11.30+0.10b 6.14+0.40abcd 0.76+0.06de 8.09+0.71b
SSHN 33.65+0.44¢g 0.52+0.06bc 10.30+0.20d 5.68+0.20cd 0.84+0.01b 6.75+0.25d

(F ) Significance test (F value)
Water  336.68" 6.54" 8.02" 767" 0.18 8.05™
Nitrogen  164.03" 1.95 25.63" 3.72 6.94" 3.87
- 182.80™ 3.04" 1.19 1.18 13.05™ 8.11"
Water x nitrogen
0.05 ;¥ *EP<0.05 P<0.01 Different lowercase letters in the same column indicate

significant differences at 0.05 level; *, ** mean significant effect at P < 0.05 and P < 0.01 levels, respectively.

x5 BEERIMBIFEMERSBFEE. TEHEMRR
Table 5 Eigenvalues, contribution proportions and cumulative
contribution proportions of main principle components for

strawberry quality

Principle Eigenvalue Contribution (S)ir;?tiitt?éi
component proportion (%) proportion (%)
1 2.81 46.84 46.84

2 1.58 26.36 73.21
3 0.76 12.74 85.95
4 0.45 7.46 93.40
5 0.39 6.56 99.97
6 0.00 0.03 100.00
5
CK
5
[ @]l 4
P P

30.63%

0.78 gkg™' , 23979 g,
CK 5.74%
#z6 TEKAVXEBTEERIRRESITFHAER

Table 6 Comprehensive evaluation of strawberry quality for
different water and nitrogen treatments

Treatment F, F, F; F Sort

CK 27.37 25.60 -12.35 18.00 7
LSLN 35.51 3490 -17.10  23.65 3
LSMN 41.03 4594 -21.08  28.64 1
LSHN 31.75 31.69 -15.04 21.31 5
MSLN 27.31 26.65 -12.57 18.22 6
MSMN 38.41 41.44 -19.44  26.44 2
MSHN 25.11 22.46 -10.75 16.31 8
SSLN 32.89 35.08 -16.38  22.57 4
SSMN 21.42 14.72 -7.79 12.92 10
SSHN 22.16 18.44 -9.02 14.09 9

Z =-308.09+1.849 5.X +1336.08Y —0.057 3.X2 +
2.135 1XY —901.002Y2
:Z (g X
Y (gkg™)

®)

(%),
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