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Effects of Water and Fertilizer Supply on Growth, Water and Nutrient Use
Efficiencies of Potato in Sandy Soil of Yulin Area

ZHANG Fucang'? GAO Yue'? JIAO Wanru'® HU Wenhui'"
(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Minisiry of Education,
Northwest A&F University, Yangling, Shaanxi 712100, China
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Abstract: Considering the low water and fertilizer use efficiencies with flood irrigation in sandy soil of
Yulin, Northern Shaanxi, the effects of different water and fertilizer supplies on potato growth, yield and
water and fertilizer use efficiencies were investigated through the field drip fertigation experiments. There
were three water levels: W1 (60% ET,), W2 (80% ET,) and W3 (100% ET,), and three fertilizer
levels: F1(100 —40 — 150 kg/hm”), F2 (175 — 60 — 225 kg/hm’) and F3 (250 — 80 — 300 kg/hm’) ,
resulting in a total of nine treatments. Based on those, key indicators (e. g. , growth and yield) of potato
in response to different irrigation water and N, P and K amounts were further analyzed. Results showed
that different water and fertilizer amounts significantly influenced the plant height, leaf area index, dry
weight, yield, water use efficiency ( WUE ), partial factor productivity of fertilizer ( PFP), different
tuber quality, yield related relations and economic benefits. The growth, yield and PFP were increased
with the increase of irrigation amount, and W3 was more beneficial to growth of potato. However, the
water use efficiency of W3 was significantly lower than those of W1 and W2. The average water use
efficiency of W1 was 5.83% and 13.05% higher than those of W2 and W3. The impact of fertilizer on

growth and yield showed an increasing and then decreasing trend, and yield reached the maximum of
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59394. 98 kg/hm* at W3F2 level. The water use efficiency of F2 was significantly greater than those of F1

and F3. Linear fitting revealed a positive relationship between plant height, leaf area index, dry weight

and yield of potato within a certain range. Comprehensive analysis indicated that the appropriate irrigation

and N, P and K amounts can not only maintain the good growth of potato, but also can obtain great yield

and economic benefits. From the point of view of obtaining high yield and saving water and fertilizer,
W3F2 (100% ET,, 175 —60 —225 kg/hm’) can be used as an appropriate combination under the present

experimental conditions.

Key words: potato; drip fertigation; growth; yield; water use efficiency; partial factor productivity of

fertilizer
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Fig. 1 Accumulated irrigation amount and rainfall

in growth period
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1.4 HEALE
% A Microsoft Excel 2010 317 %5 35 %% 34 | SPSS
22,0 GEit o M B AF AT J5 22 00 B, 2 E L BCR
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JE AL HE(F3) T B 3 K 02 (0. 61 em/d) , 5 e
ARFE(F2) JC & M 25 5 7R TE R B 2R R 2 B
f, A R AL #E(F2) R R BR R B R R T A IR Ak B
(F3), w5 K i IE b 2 (W3F2) Bk ik 3 i K E
69.02 em, IhEk 4 F P I 2 E K B ARG I, bR
A G, W34 B P Bk EE W2 R W
4. 14% F1 10. 09% , 13 B 3t 43 W6 A5 B F 48 bk bk =i
ARG 5 7 K S A [R) B, B2 40 BOF- 348k & L FLOA
F3 5 12.21% 1 6. 94% , 3t B /b it JE AS ) 48 bk
PR R 38 sk 2 it A S T 40 ) AR R S A K

B 35 B I T B BB A A A A S B
I /N A A A A A SR i B Rk
P KA o T AR A R A K R S 2
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AbFE(F3) IR EN B R o AEHR I RIS, I (F2) 5
rIE AL B (F3) A 4% 5 0 v AR AT e A
St AETEAR BRI AN G I g 25 i i LA
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Tab.1 Effects of water and fertilizer coupling on plant height and LAI of potato

A KA bR TR it A A 3 Hi S8l PES PN TE A B 2R LA
Wi 18. 17" 32.35° 41.55° 48. 42¢ 54.23"
F1 w2 20.57° 35.19¢ 44.70" 51.55" 57.52¢
w3 24. 14 39.77¢ 47.42¢ 54.47% 60.87¢
Wi 22.61° 38.96° 49.95" 55. 40" 61.39%"
F2 w2 24,23 39.59°¢ 50.90*" 59. 03" 66.23"
&/ cm w3 26.19" 41.35" 52.12° 61.75° 69.02°
W1 21.42° 36.39¢ 46.29° 53.03° 59.08'
F3 w2 25.23% 40. 26 49. 43" 56.72¢ 62.57"
w3 28. 54° 43.92° 52.33" 58. 48" 64. 43¢
T K P 134,728 ** 130. 896 ** 78. 895 ** 77.248 ** 137.233
F Jife IES 7K S 83.820 ** 96. 608 ** 160. 298 ** 116.325* 204. 459 **
THEE x it AT 5.096 ** 11.611** 5.772* 0.327 1. 830
Wi 0.25 0.61" 2.10° 4.45" 3.98°¢
F1 w2 0.29° 0.66° 2.21% 4. 74" 4.24%
w3 0.35° 0.75% 2. 40 5.01% 4. 48
Wi 0.31" 0. 73 2.47" 5.05% 4, 59"
F2 w2 0.34°¢ 0. 74" 2,57 5.45°%" 4. 86"
- T S W3 0.37" 0.78" 2,59 5. 70" 5. 07
Wi 0.31% 0. 69" 2.33% 4,85 4,38
F3 w2 0.36" 0.76" 2.49° 5. 12 4.65%
w3 0. 40° 0.83" 2. 60" 5.33" 4.82°
THE K P 105. 138 ** 43.320* 13.258 ** 21.687 " 8.770 "
F it A 7K S 56.119 ** 30. 115 * 25.303 30. 530 " 14.352 "
THEWE > i JE 3.101 " 2.920 1.032 0. 190 0.023

EFIEBUHE AR F R RRE R R E; » RRZEFEE (P <0.05), == RmEFWEE(P<0.01), T,

2.2 KEBEXDRETHWRENRM

¥, 1EfR —HKKF T, L AL B (F2) 4% 3+

KSR SEY T ARV R E 2
KB AS [ K IE 4 A5 b B B S 8 T
MAE 7K 5 0 it A 2 68 A 0N A, LA R K H R Ab B
(W3F2) ¥ it e K, P30 278. 65 g/ B s IR K AR
NEALBE(WIFL) 49 J5t & d5 /D, P Y908 217.77 g/ Bk
AR b AE R B AE KRR mK AL R (W3) B
T KT oK FR K (W2 Fil W) 4b 3, W3 4b
FHOSE-H T4 J B He W2 FI W1 5 5. 20% Fi110. 41%
Ut B B 5 K I G0, SR T W R A

Wy o K T AT g BB AL B (KL AT F3) , F2 Ab L
T a e F1f1 F3 55 12.46% 1 4. 74% , i B
HZMEIEMH TSR ETYRENR R, AFEREK
IR it T 7K ST % E 8 S T ) T A 1 5 e 3 3K 3 A
B FEHAKFE(P<0.01),
2.3 KIEBENEREFEMKSF AMENZIN
B 3 AT LA H ok s AL B (W3F2) 77 i
K792 59 394. 98 kg/hm® , oy Sy K IR b
FH(W2F2) , 35k 57 551. 18 kg/hm”, {I% 7K I JE &b
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Fig.2  Effects of water and fertilizer coupling on

dry weight of potato

F(WIFL) P2 5/, SF- 34 43 939. 05 kg/hm”, Fifi
FEK R B, B il R B/MRIR R A
W3 W2, W1, W3 4 FSE =& W2 1 Wl &
4.98% F1 13.20% ; [t A L (938 0, 5 4% 55 7 5t
KENMRIRFE I Ry F2 F3 F1,F2 4b 353 77 4 11
F3 #1 F1 & 6.37% 1 16.37% , 277 2243 Hr vl A1,
THE T 7K P AR JIE 7K ST 0 B % 8 7 A A A P
(P<0.01), EWE RGN 5 BAE X SR - ah D
FHER (P <0.05) . Bk Enl LLE W, K45 F
BRI RAE B W A3 T /K 43 R A 2503 e/
S BRAE W3 b3, 13 W Bl o8 7K s 9 5, 7K 43 T
RORH R B/MRIR RIS W1 W2 W3, 8 F 1 iE
AR AL B R 7K 53 F) T RCR T, WAL B P 2
KA F B W2 M W3 4b B 5. 83% Al
13.05% . 45 hb 3 v, W1F2 b # K 43 A1) F 4R 5
w3k 5] 16,51 kg/m’, W3FL A0 3 1 K 43 F]
BORIAR B TA 12.20 kg/m”, 45 4b 3 22 Ji] ) 7K
SRR ZE R B (P <0.05),
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Fig.3 Effects of water and fertilizer coupling on yield
and WUE of potato

2.4 KEBENEREEBMRES AZMN
NE R 4= 77 I3 (PFP) J2& J ik + 3 B il 5% 43 7K
FAL I it A 25 5 RN H 48 B o Bh BT 4 AT, K
MRAE AL B (W3F1) PFP f5 &, -3 173. 39 kg/kg,
A NEAL B (W1F3) PFP /N, ~F-15 4 76. 67 ke/kg.
UE K AR R I, 8% 58 PFP ) KB /MRIRE B
F1 F2 F3; Y7t iE & Af 5] 0], 4% % PFP (i K 3]/
IR LI R W3 W2 W1, %408 2> 6] PFP 2% 55 g 3%
(P<0.05),
200

—_
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(=1
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NEAHRA = 1/ (kg kg )

W
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Fig.4 Effects of water and fertilizer coupling on

fertilizer partial productivity of potato

2.5 AEBBEMNERERALIRERENZMN

ANTFEIK L LA 45 B PRk B 28 R R 2K R b
BRI Z N R Z s RunR 2 s, 45 /%
B K A AR A B (W3F3) f) Bk B 25 R e B 2R
JoT e R i B 0T LGS B 0 KAE L P 1009, 71
760. 66 .899. 51 g/, 7 [6] — i JE /K VT, bifi & %
AKERIE N, DA E PR R, W3 A
- HA B Rk B ZE R B H W2 I W1 4.98% Al
13.19% , W3 AbHF- B K ZE i i Lt W2 Fi W 5
10.30% F1 18.82% , W3 4b ¥ V-2 75 5 2 i &% 1L W2
W1 6. 13% 1 12.45% , 8 BH T 4% 2 B 25 % 7K
SYITE SRR K o FER —HEAKKE T F2 Ak 371
HMRHZE R L F1Of1 F3 55 16.37% fi1 6.37% , F2
Qb BESE X R He 25 R HE FLORD F3 ) 43.97% Al
11.77% ,F2 4b BEF- 2 5 i 38 0 & tb F1OAT F3 5
22.72% F1 6.93% , vt B 3 f it A A ] T AL 2 B
ENOP oL/ Te

W 2 R Ty 22 0 0l LA iV E KT
55t I AP o A% 2 B R B 2K R e 2K ORI o B
S Y 5 A 13k B AR R K P (P <0.01) 5 K IEAE B
VB FE R B 25 o i s S BB S B (P < 0.01)
Xof BRL R e 25 0 R B TR A R (P <0.05)
T IS L R TR i I R BB I A R AR K
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F v R M 2R R, X S IR RSO B R K

HEMEN
2 KEBEWNEREABRINRZERENZ M
Tab.2 Effects of water and fertilizer coupling on
tuber weight of potato e/ tk
ﬁii b o i
Wi 746.96 £15.82"  349.80 £7.41'  607.76 +12. 88"
F1 w2 789.21 +16.78%  382.36 £8.13"  648.32 +13.79*
w3 854.80 £20.60°  439.06 +10.58¢  701.31 = 16.90'
w1 872.99 £22.74°  610.90 +15.92'  772.50 +20. 13*
F2 \ 978.37 £13.68"  720.09 +10.07" 862.04 +12.05"
w3 1009. 71 £12.95*  760.66 +9.75*  899.51 +11. 54
w1 821.09 £10.58"  567.72 £7.31"  746.61 +9. 62°
F3 w2 908.89 +7.40"  593.55 +4.83°  776.43 £6.32"
W3 948.50 +13.46°  679.50 £9.64°  831.92 +11.81°
K 140. 097 ** 307. 674 ™ 125.916
F o gtaAE K 222.249 2262. 795 ** 468. 609 **
THBE it fE 3.162* 18.032* 4.293
2.6 XKEHBEEHTEREFENHEXXE

I B 2B A A5 K B A B 7 5 RR LT
BARBOR T R E AR WA 5, BHHE
7o Sk T RREE R T Y B R AR B B R
AKX R (RS54 0.9225.0.717 4 1 0.8720) ,
Ul WIAE Y H Y B A% BE R, bR A 52 em T i F
71 cm, ¥Rk E AR 1 em R ZYA] LIS HN 1104 kg/hm®

(b = s T AR AR O 3.7 FRARF] 5.5, IH
FRAGBCAE R I 1 K 2 Al L3 A 11 228 kg/hm® i
B B A AR T T R B A 210 g FF IR 3 290 g,
TYy i BRE RN 1 g KA LIRS N 244 kg/hm?
Mg s b R AR EB IR (R =
0.945 4) HF vl BLAE B (R® =0.717 4) 1+ 4 it
ZRR (R =0.8720) , H L AT, 75— ELHE N
i 3 G B 9 D A B R = T AR B BT
Y BB AR A A RE IR AR 1) S i
2.7 KEEBEWNESRELFUENZM

T3 NAFKIEA A 0T S8 FHNET I
o TR K R T T A T U 2 B s bt Aot
1200 Jo; 24 FH A TR A WAL 3000 55, &
YA T A% 1.0 Ju/ke THEL A RI H 23Rk
ffo LTS B A M ZEE AR, LTS
HEBAWME R = H . SKELBT, &K
JIEALBE (W3F3) [ 48 55 8k 46 e K, 59 395 J6/hm?”
IR IR E AL B (WIFL) /Y 28 3% &L 4 i /b,
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Fig.5 Relationships between potato yield and plant height, LAl and dry weight
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Tab.3 Effects of water and fertilizer coupling on income of potato
) A/ Wit 2%/ ANT8%/ BIEA/ Faal=ivd BV R/ 2l 45/
THE i IS Ak 3 B . B . B . B . . B . B , a4
(76+hm ")  (Jg-hm~")  (JG-hm™7)  (Jo-hm™°)  (kg:hm™°)  (JG-hm™")  (Jo-hm™7)

w1 5550 12 000 3000 20 550 43 939" 43 939" 23 384" 2. 14°

F1 w2 5550 12 000 3000 20 550 46 424¢ 46 424 25869° 2.26¢
w3 5550 12 000 3000 20 550 50 282° 50 282° 29 727 2.45¢

Wi 7620 12 000 3000 22 620 51352° 51352°¢ 28 651 2.27¢

F2 w2 7 620 12 000 3000 22 620 57551" 57551" 35131" 2.55"
w3 7620 12 000 3000 22 620 59 395° 59 395° 36 770" 2.63"

wi 9720 12 000 3000 24720 48 299! 48 299" 23 574! 1.95'

F3 w2 9720 12 000 3000 24 720 53 4644 53 464 28 748 2.16°
W3 9720 12 000 3000 24720 55794° 55794¢ 31230° 2.26"
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