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Effects of different irrigation methods on the quality, yield, and water use
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Abstract: [Objective] The Modified Surge Root Irrigation (MSRI), an advanced micro-irrigation sys-
tem specifically designed for the cultivation of deep-rooted fruit trees, represents a groundbreaking in-
novation that ensures precise water delivery to the tree's deep root zones. This study investigated its effi-
cacy in enhancing fruit quality, yield, and water use efficiency (WUE) of Pyrus sinkiangensis ‘Kuer-
lexiangli pear’ under arid conditions. [Methods] A two-factor (irrigation method x rehydration) com-

pletely randomized block design was implemented in Korla, Xinjiang (In 2022—2023). Three MSRI
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variants were tested: alternate bilateral (A-MSRI), simultaneous bilateral (B-MSRI), and unilateral (U-
MSRI) irrigation, combined with rehydration (R1) or non-rehydration (R2) treatments. The surface irri-
gation served as control (CK). The seven treatments were evaluated: R1A, R1B, R1U, R2A, R2B, R2U,
and CK. The fruit quality parameters (external: volume, shape index, weight; internal: soluble solids
content [SSC], firmness, soluble sugars, vitamin C, titratable acids, soluble proteins, stone cells, mois-
ture content) were measured at maturity. The yield and WUE were quantified using standard agronomic
protocols. The data underwent three-way ANOVA, Pearson correlation analysis, and multivariate evalu-
ation via principal component analysis (PCA) and Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS). [Results] The improvement of gushing root irrigation increased the soluble solids
content, soluble sugar content, yield and water use efficiency of Kuerlexiangli pear fruits, and at the
same time effectively reduced the peeling hardness, titratable acid content and stone cell content of the
fruits compared with the traditional diffuse irrigation method . Significant differences (p<<0.05) were
observed among the treatments in the fruit quality, yield and water use efficiency from the point of view
of irrigation method. The fruit quality, soluble solids content, soluble sugar content in the fruits under
the B treatment were higher and titratable acid content and stone cell content were lower than those un-
der the A and U treatments. The yield and water use efficiency, of B treatment was higher than those of
A and U treatments. In addition, the presence or absence of rehydration equally significantly (p<<0.05)
affected the fruit quality, yield and water use efficiency. The fruit quality, soluble solids content and sol-
uble sugar content of the fruits under the non-rehydrated treatment were higher than those of the rehy-
drated treatment, while titratable acid content and stone cell content were lower than those of the rehy-
drated treatment. The yield and water use efficiency of the non-rehydrated treatment was higher than
those of the rehydrated treatment. Among all the treatments, the fruit quality under the R2B treatment
reached the highest in terms of soluble solids and soluble sugar content, which increased by 15.00% to
28.61% and 18.62% to 26.86%, respectively, compared with those of the CK; meanwhile, titratable acid
content and stone cell content were the lowest, which decreased by 4.91% to 39.50% and 85.84% to
86.26%, respectively, compared with those of the CK, respectively. The yield and water use efficiency
of the R2B treatments were the highest, increasing 64.29% to 90.73% and 230.61% to 271.96%, respec-
tively, compared with those of the CK. The further analyses showed that the yield showed highly signifi-
cant and positive correlation (p<<0.01) with the water use efficiency, in addition, both the yield and wa-
ter use efficiency showed highly significant and positive correlation (»<<0.01) with the fruit soluble sol-
ids content and soluble sugar content, while highly significant and negative correlation (p<<0.01) with
the titratable acid content and stone cell content. These results further confirmed the significant effect of
the improved gushing root irrigation technique in enhancing the fruit quality and yield of balsam pear.
The comprehensive evaluation of the different irrigation methods was carried out by principal compo-
nent analysis and superiority solution distance method, which resulted in the comprehensive score rank-
ing of each treatment. According to the results of the principal component analysis, the order of the inte-
grated scores of the treatments was RZB>R2A>R1B>R2U>R1A>R1U>CK, and the order of the
integrated scores of the treatments by the superiority and inferiority solution distance method was
R2B>RI1IB>R2A>R2U>R1A>CK>RI1U. The two integrated evaluation methods showed that the
R2B treatment was the best, and the integrated scores of the CK treatment were the highest, and the CK
treatment was the worst and the comprehensive score was the lowest. [Conclusion] The bilateral surge
root irrigation without rehydration (R2B) seems to be the optimal irrigation method for Kuerlexiangli

pear trees in arid areas. This study would provide a solid scientific basis for the application of MSRI
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technology on fruit trees in arid areas, and be valuable for optimising irrigation management, improving

fruit quality, yield and water use efficiency.

Key words: Kuerlexiangli pear; Modified surge root irrigation (MSRI); Fruit quality; Yield; Water use

efficiency
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Fig. 1 Schematic diagram of the field layout for the modified surge root irrigation emitters
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Table 1 Irrigation date and amounts under different irrigation methods in 2022 and 2023
Ehy I H 17K &2 Trrigation capacity/mm
Year Irrigation date RIA RIB RI1U R2A R2B R2U CK
2022 4 05-11 69.32 69.32 69.32 69.32 69.32 69.32 300
In 2022 05-21 72.16 72.16 72.16 72.16 72.16 72.16 -
05-31 105.08 105.08 105.08 105.08 105.08 105.08 300
06-10 95.37 95.37 95.37 95.37 95.37 95.37 -
06-20 80.76 80.76 80.76 80.76 80.76 80.76 300
06-30 76.74 76.74 76.74 76.74 76.74 76.74 -
07-10 79.03+300 79.03+300 79.03+300 79.03 79.03 79.03 300
07-20 64.44 64.44 64.44 64.44 64.44 64.44 -
07-30 71.80 71.80 71.80 71.80 71.80 71.80 300
08-09 64.22 64.22 64.22 64.22 64.22 64.22 --
08-19 65.29 65.29 65.29 65.29 65.29 65.29 300
08-29 52.74 52.74 52.74 52.74 52.74 52.74 --
STt Total 1196.94 1196.94 1196.94 896.94 896.94 896.94 1800
2023 4 05-15 69.32 69.32 69.32 69.32 69.32 69.32 300
In 2023 05-25 90.71 90.71 90.71 90.71 90.71 90.71 -
06-04 55.74 55.74 55.74 55.74 55.74 55.74 300
06-14 86.68 86.68 86.68 86.68 86.68 86.68 --
06-24 79.82 79.82 79.82 79.82 79.82 79.82 300
07-04 72.32 72.32 72.32 72.32 72.32 72.32 --
07-14 77.05 77.05 77.05 77.05 77.05 77.05 300
07-24 71.39+300 71.39+300 71.39+300 71.39 71.39 71.39 -
08-03 89.29 89.29 89.29 89.29 89.29 89.29 300
08-13 71.76 71.76 71.76 71.76 71.76 71.76 -
08-23 84.87 84.87 84.87 84.87 84.87 84.87 300
09-02 74.84 74.84 74.84 74.84 74.84 74.84 -
KTt Total 1223.79 1223.79 1223.79 923.79 923.79 923.79 1800
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Table 2 Results of analysis of variance (ANOVA) of
appearance quality of Korla balsam pear with different
irrigation methods, with or without re-watering, year and

their interactions

55 K, 4 141.94 mL, CK #2 /), 4 104.94 mL;2023 4
RI1B 4b B 1 SR SEAR R K, O 147.40 mL, 1fif R2U Ak
A R SzAR R R N, N 103.73 mL. 7E R85
[, R2B AL F (1) R4 8 e =, 79 1.15~1.16, 5 R1U.
RIAMEERICK 2 B #Z R,

B= LS e U ESIZER
Factor Single fruit mass  Fruit volume Fruit shape index 212 l}\] »f‘;E SR RIS E AN Bz,
Y 168.09%* 3.71 10.49%* e R /\E o
R 44.29%** 509.12%%* 13.48%* A P A o
. s1 13w 24631 690+ [[raEn =TI VFEEEI =A EHEE EHHARE
YR 0.80 270.66%* 0.63 R o VR T7 TR AR 3 0 B SRy I [ A
YxI 3.12 35.96%* 0.22 BVENME ARG E AR RCEE T
* *k 25 Sy

R a0 15438 o7 B A BRSPS B R
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Note: Y is the year, R is whether to rewater, I is the irrigation meth- BELLOR K 7J< £ ﬁ *&iﬁ 5 M. sk 9]\ {% {E}E
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Fig. 3 Effects of different irrigation methods on the appearance quality of fruit of Kuerlexiangli pear
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Table 3 Analysis of variance (ANOVA) of the intrinsic quality of fruit of Kuerlexiangli pear with different irrigation

methods, with or without re-watering, year and their interactions

AR SR J A VAR SR AERCER WHERSE EMEASE O AAEE REKE
Factor Soluble solids Tare Soluble sugar  Vitamin C Titratable Soluble Stone cell Fruit water
content hardness content content acid content protein content content content
Y 69.34%* 11.03** 15.58%* 1267.93%* 36.37%* 0.66 161.63%* 7.48%
R 17.84%* 131.23%* 2.72 715.37%* 112.79%* 21.21%* 13.74%* 1.57
1 113.27%%* 16.09%* 25.02%* 184.06%* 80.02%* 2.46 218.71%* 7.69%*
Y*R 1.06 5.71* 6.73* 249.86%* 6.87* 0.31 4.24 3.01
YxI 1.49 2.03 1.2 12.40%* 3.36 0.26 33.04%* 1.37
RxI 1.84 0.09 0.72 7.82%* 59.30%* 2.23 0.59 5.85%*
YXRXI 10.22%* 1.21 0.56 14.22%* 5.80%* 0.79 1.47 2.24
TR R IRENER R EKAMAME SR A2 B %%

5 CK AR, MSRI Ab 2 5 35 2 5y 7 JE S ml g 1
W TEAGEE 3% C & &, BRI T RS 25 el B2, A
Mg m 7 AFRRELPNIE ST (B 4. 75X R
J5THT » R2B Ab 2 (1) 5 SR e A1, bb CK 31 5 35 P&
KT 2.58%~4.62%. {ER2BALH T, B szn] i3k [
TR ] b R B KA, 5 CK AL, &
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Fig. 4 Effects of different irrigation methods on the intrinsic quality of fruit of Kuerlexiangli pear
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Table 4 Analysis of variance (ANOVA) of yield and water use efficiency of Kuerlexiangli pear with different irrigation

methods, with or without re-watering, years and their interactions

HzxE U= Vil RV ES Hzx U Vil RV ES ESES R 7Ky R
Factor  Yield Water use efficiency Factor  Yield Water use efficiency Factor Yield Water use efficiency
Y 21.93%* 167.61%* YxR 17.87** 54.39%* RxX 23.84%*  20.52%*
R 793.40%* 675.70%* YxX 6.48%* 11.26%* YxRxX 0.57 1.49
X 59.21%* 55.42%*
178 Yield —— /K5FI 1 &%% Water use elficiency
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Fig. 5 Effects of different irrigation methods on irrigation water use efficiency and yield of Kuerlexiangli pear
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Fig. 6 Correlation analysis of fruit quality, yield and water use efficiency of Kuerlexiangli pear
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Table 5 Comprehensive evaluation of different irrigation methods on fruit quality, yield and water use efficiency of
Kuerlexiangli pear
e 5 3 Wik PCA 95 8 121 TOPSIS
ZafRy 4 . 4
Treatment A
pel PC2 Overall score Ranking b ¢ Ranking
CK -1.08 -1.09 -0.73 7 0.39 0.28 0.58 6
RI1A -0.42 0.10 -0.18 5 0.53 0.24 0.69 5
R1B 0.40 0.54 0.30 3 0.78 0.14 0.84 2
R1U -0.87 -0.40 -0.50 6 0.32 0.28 0.53 7
R2A 0.44 -0.01 0.21 2 0.73 0.19 0.79 3
R2B 1.50 0.68 0.86 1 0.97 0.03 0.97 1
R2U 0.03 0.18 0.05 4 0.62 0.20 0.75 4
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