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Effects of Water-phosphorus Interaction on Water and Fertilizer Utilization,
Agronomic Traits, Yield and Quality of Potato in Arid Region
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Abstract: Potato production in the semi-arid region of central Gansu Province is facing many challenges, including
inadequate cultivation management techniques and low rates of fertilizer and water utilization. This study was to
investigate the effects of water- phosphorus interaction on agronomic traits, water and phosphorus fertilizer utilization,
yield, and quality of potatoes in arid areas so as to identify an effective water and fertilizer management model that can
provide a theoretical foundation and technical support for the cultivation of high-quality commercial potatoes. Split- plot
design was used in the experiment. Various irrigation rates (0, 10.00 and 15.00 m*667m?) and phosphorus application
rates (0, 10.00, 20.00 and 30.00 kg/667m?) were analyzed for their effects on soil water storage, water utilization,
agronomic traits, yield, phosphorus fertilizer efficiency, and quality. With the increase of irrigation rate and phosphorus
application rate, soil water storage, plant height, stem diameter, water and phosphorus fertilizer utilization rate, vitamin C
and soluble protein content, and yield all increased significantly, showing the trend of increasing first and then decreasing.
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Organic acid content decreased significantly compared with the control (irrigation rate 0 and phosphorus application rate 0)

except for the irrigation treatment of 15.00 m*/667m?* When the irrigation rate was 10.00 m*667m? and the phosphorus

application rate was 20.00 kg/667m?, the potato soil water storage, agronomic traits, water and fertilizer utilization rate,

yield and quality were the best, which may be the optimal water-phosphorus interaction model.

Key Words: potato; irrigation; phosphorus fertilization; water-phosphorus Interaction; yield
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Table 1 Basic nutrient of soil in experimental site

+JZ(em) pH T HE PR (g/kg) A (mg/kg) R (mg/kg) H (mg/kg )

Soil depth Soil organic matter Available nitrogen Available phosphorus Available potassium
0~20 8.13 20.93 18.00 15.95 114.33

20~40 8.04 22.85 13.00 10.40 101.75
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Table 2 Experimental desigen
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KA ey PR (n'/667m’) T (P05 ) BB (ke/667m*)
Irrigation treatment Phosphorus treatment Irrigation level Phosphorus (P,0s) level
Wi P1 0 0
P2 10.00
P3 20.00
P4 30.00
w2 P1 10.00 0
P2 10.00
P3 20.00
P4 30.00
W3 P1 15.00 0
P2 10.00
P3 20.00
P4 30.00
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Different lowercase letters indicate that under the same irrigation gradient, significant difference is detected among different phosphate fertilizer

treatments (P < 0.05), as tested using least significant difference (LSD) method. The same below.

E1 |4EEH 0~40 cm T EFKET{

Figure 1 Changes of water storage in 0—40 cm soil layer at different growth stages
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Table 3 Significance test of water—phosphorus interaction effect on soil water storage capacity

Qb3 0~40 cm 122 0-40 cm soil layer

Treatment Wil P8 1 A
Seedling Tuberization Maturity

W 39.659" 51.62" 54.681"

P 28.628" 49.85" 58.778"

WxP 2.794 3.125° NS

ok, e RIFOREN R (P<0.05), B ¥ (P<0.01); NSEREIMARHE. T,
Note: * and ** indicate significant effect (P<0.05) and highly significant effect (P<0.01), respectively; NS indicates no significant effect. The same

below.
x4 K-BEELEXTKSF AR
Table 4 Effects of water—phosphorus interaction on water use efficiency
HEARAb B iz Ab B FEHCE: (mm) KA (kg/hm? - mm )
Irrigation treatment Phosphorus treatment Evapotranspiration Water use efficiency
Wi P1 318.66a 7.61d
P2 312.25b 9.85¢
P3 307.29¢ 14.04a
P4 312.38b 12.20b
w2 Pl 314.28a 9.88d
P2 311.23a 12.88¢
P3 305.29b 14.23a
P4 310.38ab 13.61b
w3 Pl 319.06a 8.39%¢
P2 319.48a 9.09be
P3 312.88a 10.31a
P4 312.35a 9.63ab
FAH F value W 8.90" 301.516™
p 11.777 274.871"
WxP NS 31.823"

T ARIA/ING PR MRS BE R AR R 3 A ) 22 53 B35 (P<0.05), SRATLSD 4. 1Al
Note: Different lowercase letters indicate that under the same irrigation gradient, significant difference is detected among different phosphate

fertilizer treatments (P < 0.05), as tested using least significant difference (LSD) method. The same below.
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Table 5 Effects of water—phosphorus interaction on plant height and stem diameter of potato

Kb R4 PR PR (em) ZEH (mm)
Irrigation Phosphorus Plant height Stem diameter
teatment  treatment i YRR BeEWA  f YOI YA
Seedling Tuberization Tuber bulking ~ Seedling Tuberization Tuber bulking
W1 P1 9.6¢ 18.1d 37.8d 9.17b 14.94¢ 15.74d
P2 11.3b 21.9¢ 42.3c 9.71b 17.21b 18.84¢
P3 13.9a 25.6a 47.7a 11.41a 20.92a 25.46a
P4 12.4ab 23.8b 43.8h 10.32ab 19.68a 22.64b
w2 P1 11.8¢ 22.0¢ 42.8¢ 10.02a 17.22¢ 20.18¢
P2 12.5be 24.2b 45.4h 10.46a 19.98b 23.56b
P3 14.2a 25.8a 48.5a 11.78a 23.02a 25.79a
P4 13.2ab 24.3b 45.7b 11.19a 20.32b 23.84b
W3 P1 9.6b 19.4b 39.8¢ 9.22a 15.28b 16.58b
P2 10.2b 20.0ab 40.6bc 9.41a 16.02b 17.06b
P3 11.7a 22.3a 43.6a 10.12a 18.44a 20.2a
P4 10.4ab 20.3ab 41.8ab 9.57a 16.42b 18.18b
FAH F value W 34217 51.37" 71.137 8.57 77717 81.69”
P 25.83" 46.38" 85.87" 7.73" 77.83" 61.527
WxP NS 5.62" 6.98" NS 4.64" 6.78"

24 K-BEEEXDHRERRINT

IR T LA 4% S i 5 i) ) S8 A 56
W, K S ) A8 AR P R 2E A LR AN
VAR 1 B i s 2 (P<0.01),, XTHEAER G
HRZIA P (P<0.05) (% 6) . MEDHELAERC,
FHLR TR A SR A, W2HKAH T,
P3ALHREAE 2R C R TR O S i i s, ol
AP EIRE7.04% . 11.62% ; A VLR & & ik
fiX, &Pl B EIAK18.39%., HIFRIREAKKFET, H
ZENYEAR TR C T I B 1 R B i 2
TR AR S B e, B

W1, W3EHT P3Ab A HLIR & i 5 HoAth b L [A]
25 (E2),
2.5 K-BEEEXMBHREFERBEIER ARAZME
VKA L T i SO N 5 A
L KB E AR B (P<0.01, £7).
5V K A B S K e A R P 256 e i ol 14 o ¥4y ¢
PRACHE Ik, Horh W2 K AL FER , P3 ALY
7R ORI s, 435 R 4 346 kg/hm® Fl
24.4%; PALLRR) B R OR T P3, 43
Wk 4 225 kg/hm*F119.5%, HiriE5P3 2R3N
., BIEAHEEREE .

®6 K-BEMEXNDSHRERBAZMAEZERE

Table 6 Significance test of water—phosphorus interaction effect on potato quality

Ab HiEZR C 54k (mg/100 g) ATATERE TS (%) AP 1% (%)

Treatment Vitamin C content Soluble protein content Organic acid content

4 45.03" 44.83" 115.43"

P 32.17" 37.117 84.95"

WxP 2.69° 3.98" 10.86™
HEFIR https://www. cnki. net



+310-

HE DR, 384, Hi4a M, 2024

Hh LR

P1 P2 P3 P4
20 ,
by, teop S a
ERRTEK bbb
%ﬂ Elr
Iint
IO 10 -
R =
o E 8p
& 4
2 -
0
Wi w2 W3
TEKALPE
Irrigation treatment
Pl P2 P3 P4
7~ .
a | ab & ab
a
6 b ’
SE sl et
H
4 g 4+
o2
B2 3+
=g
K2 ot
=3
1 -
0
W1 w2 W3
KA
Irrigation treatment
P1 P2 P3 P4
201 a a
a
18- b a bl
_ Lo d ° b ¢ be
S e ’
N
w2 127
TS 10
% <
= E 0.8 —
<
e 2060
04
0.2
0
W1 w2 W3
HEKAbTH

Irrigation treatment

B2 #EHRC, TAMEARBIRIETL
Figure 2 Changes of vitamin C, soluble protein and

organic acid contents

https://www. cnki1. net

RT K-BEENDREFERBER AEHIT
Table 7 Effects of water—phosphorus interaction on

potato yield and phosphorus fertilizer utilization

HEAKALER  BERALEL i (kghm®)  BRIEAIHIZE(%)

Irrigation Phosphorus  Yield Phosphorus fertilizer
treatment treatment utilization rate
Wi P1 2 426d /

P2 3077c 15.6¢

P3 4315a 21.7a

P4 3 810b 18.3b
w2 P1 3 104c /

P2 4 008b 18.9b

P3 4 346a 24.4a

P4 4225a 19.5b
w3 P1 2 678¢ /

P2 2 905h 10.3¢

pP3 3225a 17.7a

P4 3 008ab 14.2b
F{H Fvalue W 254.19" 96.625"

p 227.40" 81.348"

WxP 29.36" NS

T IR A P ERE AL R 0.
Note: "/" indicates that the phosphate fertilizer application in this

treatment is 0.

39 #
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