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Regional variation of yield and fertilizer use efficiency of potato in China
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Abstract: [ Objectives ] Large datasets were collected from field experiments on potato (Solanum tuberosum
L.) to evaluate attainable yield, yield response, relative yield, and nutrient use efficiency parameters to N, P,O; and
K,O fertilizers added in different potato production regions of China. It aimed to provide a basis for potato
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nutrient management strategies. [ Methods ] The datasets were collected from 117 field experiments conducted
by the International Plant Nutrition Institute (IPNI), China Program during 1992-2012 and 407 related journal
papers from the China National Knowledge Infrastructure (CNKI) database with the key words “potato”,
“potato yield” and “potato efficiency” during 2000-2016 in different potato production regions of China. Potato
production in China was divided into six geographic regions, i.e., Northeast (NE), Northwest (NW),
Northcentral (NC), Middle and Lower Reaches of Yangtze River (MLYR), Southeast (SE), and Southwest
(SW). The treatments consisted of an optimal treatment (OPT) and the treatments with omission of N, P,O; or
K,O (OPT-N, OPT-P, OPT-K). Attainable potato yields, yield responses (YRs), relative yields (RYs), agronomic
efficiencies (AEs), partial factor productivities (PFPs), and recovery efficiencies (REs) were analyzed and
discussed. [ Results ] The average YRs of N, P,O; and K,O fertilizers were 8.6, 5.9 and 6.6 t/hm’, showing N was
the most limited nutrient for potato yield in China. Among different regions, the average attainable yield and YR
of N ranked first in NE region (P < 0.05). The average RYs of N, P,O; and K,O were 71.0%, 79.4% and 77.2%
respectively; the average RYs of N in NC, those of P,O; in SE, those of K,O in NW were the highest across
different regions. The N, P,O; or K,O rates averaged by 164, 100 and 188 kg/hm’ across different regions, and the
average N and K,O rates in SE region were shown to be the highest (P < 0.05), the average N and K,O rates in NE
region were lower, the P,O; rates in NE, SW and NW were higher across different regions with the lowest P,O;
rates in MLYR. The average AEs of N, P,O; and K,O were 52.5, 58.5 and 42.3 kg/kg respectively, and AEs of N
or K,O in NE were the highest (P < 0.05). The averaged PFPs of N, P,0; and K,O were 205, 339 and 209 kg/kg
respectively, and those of N or K,O in NE was the highest (P < 0.05). The REs of N, P,O; or K,O averaged by
36.4%, 18.5% and 27.6%, and REs of P,O; in SE were observed to be with the highest values (P < 0.05).

[ Conclusions ] There are great differences in tuber yields, fertilizer application rates, and fertilizer use
efficiencies across different potato production areas in China. N is the most yield-limiting factor for potato in
China, while NC, SE and NW showed high soil indigenous nutrient supply of N, P and K, respectively. The
optimal fertilization management of potato should be directed according to local conditions in different potato
production areas.

Key words: potato; yield; nutrient use efficiency; nutrient management
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Table 3 Descriptive statistics of the relative yield (%) to N, P,O, and K,O application in different
potato-producing regions of China

PiEROaS Y X HAEL f/MH FIAH S PRz 25% % 50% %1 75% %1
Relative yield Region No. of smaples Min. Max. Mean SD 25Q 50Q 75Q
FERARR 5 NE 23 356 84.3 643b 14.1 56.2 67.3 734
Relative yield to
. NwW 230 15.4 99.1 76.4 a 12.7 68.1 78.4 85.4
N application
NC 17 43.4 93.2 77.6a 14.7 75.1 81.7 85.1
MLYR 6 43.2 90.8 72.4 ab 17.8 65.9 73.2 86.4
SE 43 32.7 94.2 68.0 ab 15.6 61.0 68.3 79.3
SW 93 33.1 98.7 67.4 ab 17.3 55.8 68.9 78.5
FEWEARR 5 NE 9 59.7 91.9 80.8 ab 10.4 774 843 89.2
Relative yield to
L. NwW 196 36.7 99.4 82.1 ab 12.0 75.0 85.0 91.2
P application
NC 15 41.0 95.4 78.2 ab 14.1 76.7 82.8 86.0
MLYR 4 54.2 93.0 79.0 ab 17.0 76.5 84.5 86.9
SE 27 55.0 99.6 84.8a 11.3 75.4 87.4 93.1
SW 88 33.1 97.7 714b 17.2 61.7 77.3 85.0
iR X 7 NE 16 50.8 86.4 77.1 ab 8.8 73.4 79.7 82.4
Relative yield to
.. NwW 250 29.9 99.9 823a 12,5 75.3 85.1 91.6
K application
NC 37 47.8 96.4 73.5b 12.3 65.6 74.0 83.1
MLYR 26 55.2 94.5 76.6 ab 10.1 71.1 73.9 86.5
SE 38 52.9 99.2 80.0 ab 10.7 69.9 82.7 88.9
SW 125 33.1 99.5 73.9b 17.8 63.6 78.5 87.5
£ (Note) : NE—Zdt Northeast; NW—JP4 ]t Northwest; NC—4£Jt Northcentral; MLYR—IKVT.H' T Ji# Middle and lower reaches of

Yangtze River; SE—

followed by different letters in the same relative yield to application mean significant at 5% level among treatments.

7RFi Southeast; SW—VH RS Southwest. FUE5 A [R5 2R7R [A]— AR A X 7= A R AL B R 22 5235 5% B3 KT Values
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(33.1%~99.6%) F 77.2% (29.9%~99.9%) , H—
Ay BT XSRS 7 25 R B, A X 7 T
HLAEA R (77.6%), H55 25% FEE 75% BYAHXT
PRI 75.1% F1 85.1%, ZRALEAR (64.3%), H:
5 25% FIEE 75% WA X = 850 3 56.2% Fi
73.4%, PEdb. KITHRWE. RPN T &
[B) 5 it e AE X 7= 3B DA AR e e ey (84.8%), FLE
25% FEF 75% BYAHXT = 13 518 75.4% Fi193.1%,
VARG IR (71.4%), HEF 25% FIEE 75% BY9AR X =i
I351R 61.7% 1 85.0%, ZARdb. Pk, KITH FiEA
AU T Z 005 A AR 7 S 24 DL P A
1 (82.3%), HEF 25% RIS 75% BIRANT P24 3
75.3% 1 91.6%, HX AR . AR, KILHRE,
VUR, At AR, DL RS R FRRAESS, AR ™ i
. RV IR
22 LSHEHESFIE

LA S B = X OPT AbFRAL . W FNAIE

25 ¢ 100

FHE AN (B 4~ 6), SR YE, RE DA
R BEAEIE AR08 N 164.2 kg/hm? (27.0~427.5
kg/hm?). P,0; 100.3 kg/hm?® (18.0~335.8 kg/hm?) Fll
K,O 188.0 kg/hm’ (22.5~405.0 kg/hm?), 43 X 45 5%
WY, FACRGED (B 4) P38 DU AR R b DXl 2 g T L
fbIX (P <0.05), FHyxomfedr. vade. Pums. ZRdt,
KA MR B R DARICH X & (E5),
Yk A, REREIARE, KITPT
e BE B IELUR R HLIX 23 (P < 0.05)
T HAMX (8] 6), HX WPaR . 4L, ARENK
HRE . AR, Padfk.
23 SR ERERIF A RSFHE

5307 OPT A B AR ZERCRIE N (K 7), 153K
B DA A (N). B (P,0,) MK (K,0) KFFCRSY
Wk 52.2 kg/kg(1.2~207.5 kg/kg). 58.5 kg/kg
(0.7~205.3 kg/kg) Fl 42.3 kg/kg (0.2~232.5 kg/kg).
RENFRARLARI RS (101.6 kg/kg), Mt X i

25 ¢

NE (n =35) NW (n=355) NC (n=47)
Mean 136.7 Mean 166.5 Mean 186.2
20 rsp 435 80 1 = SD 704 201 SD 619
Min. 270 | Min.  45.0 Min. 69.0
15 | Median 140.6 60 | Median 150.0 15 Median 180.0
Max. 225.0 Max. 427.5 Max.  375.0
10 40 10
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w2
[}
% 0 1 0 MM —— 0 |
g oS O o O O©O o o <o (=3 f=] (=3 (=) (=} (=3 (=) (=} (=2 (=) (=3 (=) (=] (=] [=]
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S n o O O O o O o (=3 (=) (=} (=3 j=) (=} O (=] o (=] (=3 f=]
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ﬁ MLYR (n=31) SE (n=58) SW (n = 146)
HE
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0 7Tsp 444 07 ~ SD 544 40 — SD 600
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Jiti % & N application rates (kg/hm?)

4 DHEZX OPT LEREAENTH
Fig. 4 Frequency distribution of N application rates in the OPT for potato in different potato-producing regions of China
[# (Note) : NE—#4Jt Northeast; NW—P§dt Northwest; NC—*EJt Northcentral; MLYR—KJT.H T Ji# Middle and lower reaches of
Yangtze River; SE—Z<# Southeast; SW—TVH g Southwest; Mean—F-4{f Arithmetical Mean; SD—#5f 2% Standard deviation; Min. —fz/>
{8 Minimum; Median—H{v/ $(; Max. —#% K {H Maximum.]



30 R R S 25 %

25 ¢ NE (n=35) 150 NW (n = 348) 50 NC (n=46)
Mean 118.6 Mean 110.2 Mean 97.6
20r SD 429 1201 SD 504 40 ¢ SD 336
15 | Min.  45.0 9 } Min.  18.0 30 Min.  60.0
Median 138.0 Median 90.8 Median 90.0
10 | Max. 225.0 60 Max.  330.0 20 ¢ Max. 198.0
w ST 30 t 10
2
£ 0 0 0
g (=) [ (=) o (=] (=) (=) (=) j=) (=) (=) (e} (=) [} (=) [} (=)
o0 N v — o N v — o~ on N O N N v [} —
s ! 0 — N ! 1 — I N e l L ! = = =
S S 1 0 S o 1 0 N} L S o o 1 1 o1 2
o‘ o (=) o O [} (=) (=] (=3 on O [l S (=} (=)
z. a < a =2 3 R SRR A
) _ _ _
Z 25 ¢ MLYR (n =31) 25 ¢ SE (n = 58) 50 ¢ SW(n=156)
# Mean 70.1 Mean 95.0 Mean 110.5
20r SD 280 20 ¢ SD 445 40 ¢ SD 480
15 } Min.  30.0 15t Min. 204 30 | Min.  30.0
Median 75.0 Median 90.0 Median 102.0
10 | Max. 168.8 10 ¢ Max. 284.1 20 ¢ Max. 335.8
5t 5 10
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Fig. 5 Frequency distribution of P,O; application rates in the OPT for potato in different potato-producing regions of China
[#£ (Note) : NE—Zdt Northeast; NW—PG ]t Northwest; NC—4£]t Northcentral; MLYR—IK VL. H N Jjf Middle and lower reaches of
Yangtze River; SE—Z%< 4 Southeast; SW—P4j Southwest; Mean—F-14J{f Arithmetical Mean; SD—¥5#E 2% Standard deviation; Min. —#/>
{8 Minimum; Median—H v/ §{; Max. —& K {8 Maximum.]

15 NE (n = 35) 150 - NW (1 = 327) 15 ¢ NC (n = 44)
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Fig. 6 Frequency distribution of K,O application rates in the OPT for potato in different potato-producing regions of China
[# (Note) : NE—#4Jt Northeast; NW—P§dt Northwest; NC—*EJt Northcentral; MLYR—KJT.H T Ji# Middle and lower reaches of
Yangtze River; SE—Z<# Southeast; SW—TVH g Southwest; Mean—F-4{f Arithmetical Mean; SD—#5f 2% Standard deviation; Min. —fz/>
{8 Minimum; Median—H{v/ $(; Max. —#% K {H Maximum.]
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i (29.2 kg/kg), HABXIRA T =35 200 (&l 7a),
KRR ERCR Y E IR e (68.5 kg/kg), HRKOMAR
dt (65.9 kg/kg) . #db (63.1 kg/kg), HH NKITHT
Ui (53.6 kg/kg). PHdb (53.4 kg/kg) . A (46.7 kg/kg)
(K 7b)o B R AL ABOR AR (75.8 kg/kg),
HURAPEIE (48.3 kg/kg), ARG AL (43.3 kg/kg) .
VU (37.4 kg/kg). KILHTF (27.5 kglkg), ZRAEHx
fi% (21.3 ke/kg)(E 7c).

1360.3 kg/kg) F1209.2 kg/kg (27.2~1038.7 kg/kg). A
Z M LR IR 5 (304.0 kg/kg), ARJERKITH
FUiF (224.7 kg/kg) . PHdL (204.9 kg/kg). ViR (182.4
kg/kg). fEdb (170.8 kg/kg), A mimA% (147.3 kg/kg)
(%l 8a); WEZE M= A Mt (386.6 kg/kg), Hy

HRATH R (370.5 kg/kg), ARG EARL (359.1
kg/kg). &b (325.6 kg/kg). PEdL (314.5 kg/kg),
JE VIR (277.8 ka/kg)(E 8b); A Z ik = F1 H KN

OPT AbH IR A &5 R K] (K 8), T

LITV5 29 9711 S B/ | AN LR | AN

fedb . PiEg . RILH T

BETXA (N, B (P,0,) FIFIER (KO) it 17y FZRE, HXREIE 508 361.5, 281.6, 185.8,
A 205.7 kg/kg (25.5~876.7 kg/kg) . 339.0 kg/kg (45.7~ 159.1, 149.4 Fil 118.0 kg/kg(Kl 8c).
250 a () 250 (b) 250 a ©
_z (n=23) g SN (n=16)
o0 L —~a N a — N
%n% 200 b %n% 200 (n=88) ém'a 200 b
&2 (n =94) j‘l% . Dy (n=250)
g2 10| be be | S5 st T O S8 10 F ey bed
G = ENER = [ ]} N '5
ﬁﬁ "= (n e ﬁ(a:g (1=9)"(n=15) a(n=.27) B (n:.37)Cd (n=125)
K100 1 070, L2 100k (n=4) L2 00 =iy
B 2 (n S @ £ ﬁ E
@‘?E‘) 50 #£5 50 S 50 ("‘38)
2 T2
0 : 0 : 0 L -
NE NW NCMLYR SE SW NE NW NCMLYR SE SW NE NW NCMLYR SE SW
E7 DHE”RX OPT LEA. . HERFWE
Fig. 7 Agronomic efficiency of applied N, P,O; and K,O in the OPT in different potato-producing regions of China
[# (Note) : NE—#4Jt Northeast; NW—P§dt Northwest; NC—*£1t Northcentral; MLYR—KJT.H T Ji# Middle and lower reaches of

Yangtze River; SE—Z:F§ Southeast; SW—PURI Southwest. H1[H] SZA R R 2 70 IARFT P E RIS, JrfE B Nigsr IR E BT 25%,

T

WE T 2313 90% H1 10% MRUE, S2.0 R MR 95% F1 5% %L, 55 PRCTF AREARL, AR S REROR 225315 5% 83K F The
solid and dashed lines indicate median and mean, respectively, the box boundaries indicate the upper and lower quartiles, the whisker caps indicate
90th and 10th percentiles, and the circles indicate the 95th and 5th percentiles. Figures in parenthesis are the total number of samples. Different letters

above the bars mean significant at 5% level.]
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Fig. 8 Partial factor productivity of applied N, P,O; and K,O in the OPT in different potato-producing regions of China

[i£ (Note) : NE—
Yangtze River; SE

%:4t Northeast; NW—TPGJt Northwest; NC—
—7R P4 Southeast; SW—PUR] Southwest. H1[H]SEEFIE 2 0 IARF P E RIS, JrfE B N IR E LT 25%,

600

300

(=]

a ©
(n=35)

b
(n=327)

L cd
(n= 44) cd (n=160)

i,

NE NW NCMLYR SE SW

(n= 58)

4]t Northcentral; MLYR—K VT R iiE Middle and lower reaches of

T

WE 43 513 90% F 10% RIBME, S50 R 4- 513 95% 5% WAL, 355 DT WAL, RIRF1RR 22§38 5% BF KT The
solid and dashed lines indicate median and mean, respectively, the box boundaries indicate the upper and lower quartiles, the whisker caps indicate
90th and 10th percentiles, and the circles indicate the 95th and 5th percentiles. Figures in parenthesis are the total number of samples. Different letters

above the bars mean significant at 5% level.]
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OPT AbFRFE/ ISR EE R BIR (K 9), REDEE BB Ee S, BRENFE D R R X AT 4R =
PR B IR R BI R 36.4% (6.1%~ fFHE—EER, MAILDHREEY - m i e TH
85.6%). 18.5% (0.7%~56.9%) F127.4% (2.8%~  fbHiIX, KITH Tl IX =25k, X5HAMR
T1.1%), RHFEFESPCRINIT 250 8500 . R Z5R—80, RIS im0 R N B TR
e, vEdE. PURS . KILH R AR R, HOX N A e RO 22 R 1 A B A R T B8 T Y B
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Fig. 9 Recovery efficiency of applied N, P,O; and K,O in the OPT in different potato-producing regions of China

[# (Note) : NE—#4Jt Northeast; NW—P§dt Northwest; NC—*EJt Northcentral; MLYR—KJT.H T Ji# Middle and lower reaches of
Yangtze River; SE—%<F Southeast; SW—PURf Southwest.. 1B LR AR/ AR PEFME, THE L P& iRELT 25%, LT
ET 23 5 90% Fl 10% RIEME, S0 R B IR 95% Fl 5% WAk, $55 B WREARL, NRFRFIR 25 5% BEKE; &b
HO X BRI I CRAEAS KR 1, ARICHLIX R IR MR 1, RiEFT 53537 The solid and dashed lines indicate median and
mean, respectively, the box boundaries indicate the upper and lower quartiles, the whisker caps indicate 90th and 10th percentiles, and the circles
indicate the 95th and Sth percentiles. Figures in parenthesis are the total number of samples. Different letters above the bars mean significant at 5%
level. The number of observations of recovery efficiency of P in NC is only one, the same for the number of observations of recovery efficiency of K

in NE, and without significant analysis.]
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