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precipitation (mm)
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111°19'E) 347, A T A6 RS B,
J& T AR A KR R S, Wk 1600 m a4,

IR 3.5~4.5 °C, ¥ IEKE 280~350 mm,

TREM 110d Zidy, TBERAI DIRb i 5845 R 3,
Tl AL f) A — A — B0 o 1% 356 - 3R AR
VAR 36.7 mg/kg, AR 9.2 mg/kg, A
117.1 mg/kg, HHLF 11.6 g/kg, pH 8.38. K 1 N

—o— HIYS IR Average daily temperature
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0 L |||| ” ||| L .‘.l.‘.l.‘|n‘. 1

2023

H B0 K &=
Average daily
precipitation (mm)

Average daily
temperature (°C)

HH# (H-H) Date (month-day)
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Fig.1

2022-2023 SR E K IR E L SIRE
1.2 it

KA R R BEAL X H v, DLE b R S )
f (CK: N 150 kg/hm?. P,0s 120 kg/hm?. K,O
150 kg/hm?) , W ENLEHEFFE (NPK+SD: =
% 18 000 kg/hm?. N 6 kg/hm?. P,0s 12 kg/hm?.
K20 60 kg/hm?)  {LAERCHE A9 7% (NPK+B: 4=
Y% 9000 kg/hm?. N 51 kg/hm?. P2Os 84 kg/hm?.
K>0 42 kg/hm?) A4k AEFC it A= 4 1 A (NPK+
MF: A9 AE 1800 kg/hm?2. N 114 kg/hm?, P,0s
84 kg/hm?. K,0 114 kg/hm?) 3 Mb#E, 3 REH,
F AL PR IEAE A TR SR RN . IR Y IR M
JEEFE (N 0.8%-. P2050.6%. K0 0.5%) , 44
e FH DA R OKFERT A R AE Y% (N 1.1%. P2Os
0.4%-+ KoO 1.2%) , 2B P N i A 24t A HLAE R
(N 2.0%. P2052.0%+ K202.0%) - FF&. WA
BRI BERT AR P R A SR P R TR B 30 &) J Bkt s 7 1 .
PUEET R A 2 AT AU (60 kg/hm?) F
BRAE (60 kg/hm?) 1B, SR ZE M A KFE 10

Precipitation and temperature during the potato growing season in 2022-2023

T, SRHERZETGE, ANXONTHA 30 m? (5 mx6 m)
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1.3.1 ct@afigde HHESRENY. Bk
WL B Ve AR B B /N X YL 3
PR, KB AT, 20 AR,
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T A FEAL (LAD = CHPRIM AR x BT - Hi T R
WIRRED /3 AR .

132 vt Z4xt4% (SPAD1E) T HHAZEMN
WL BRETERUH . BRI Ve R AR R R AR
HITERS B RS, FIH SPAD-502 A4t 0 5
% (BT JeREREE, HAD M@ TE 3 K
Wi ik B 0 ) SPAD fFL, /N X BEALZEEL 5 #k, HL
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ST IR E . KA HaSOs-Ho00 W E LT
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EIEME A P &R, R KERE RN E A K

Er s

13.6 &% 1£10 AW SR Z MR, X% /NX
HlE] 2 28 (12 m2) HEATUSCERIN= .
1.4 HEESH

45 % H Microsoft Excel 2016 34T #1404,
FIFH SPSS 27.0 Gt 3k A kAT B PR 22 07 2 o A A
Pearson fH2% 0 #T1, KM Duncan 172 HE L #,
K H Origin 2021 #E4T i e /)y — ik 7 b S/

2 HEREHMH

2.1 AEIEB#EESTSHE LA FE
ANFEIAERR A & AL T LAT BEE &% 2 4E 5 Wi
o, BIg—R—1gRESsAaN, EREE KL
g (B 2) o WIS REER; REBK
1 NPK+MF 4bFE LAT % NPK+SD AbHE P15 &5, 2% $2
[ 26.68%; TEHRZERE K. Ve M B 2R A A A
], NPK+MF AbF 5 NPK+SD Ab¥E . NPK+B 4b3
TREER, B CK 5l PR ERE 17.92%-.

—=-CK -+ NPK+SD -4 NPK+B -+ NPK+MF

4r 2022

w
T
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0

—_
T

g
a d
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HH BB OO IR ARERN s HH BEORAON B ERERN B
Seedling Tuber Tuber Starch Maturity Seedling Tuber Tuber Starch Maturity
formation bulking accumulation formation bulking accumulation
£ H A Growth period

ARVNG TR AR E A RS 2R 8% (P<0.05) , FR.

Different lowercase letters indicate significant differences (P < 0.05) in different fertilization measures during the same growth period, the same below.

2 2022-2023 EAREFHIZALLIE D HEMERIEH
Fig.2 LAI of potato under different organic fertilization treatments in 2022-2023

22.02%F1 24.38%.
2.2 A[EIERETEX DRELESF R

R, 4% SPAD {HIEHR A K IAA B THE /5 T
[, BT CK AbH, HHLIEAEEXT SPAD 1H 520
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B CK @ NPK+SD 0O NPK+B @ NPK+MF
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TR R e BRI ey

W BREIRAUN PR R i T
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B3 2022-2023 FEELEEH SPAD EELHE
Fig.3 Change in SPAD values of potato under different fertilization treatments at various growth stages from 2022 to 2023
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WERES PRI, R R
NPK+MF 4t ¥ 5 NPK+SD 1 NPK+B 4b 3 T .
ZE 5, B CK AL EE 7y 5l P35 B 25 4 1 8.19%. 8.04%
1 7.92%. FEVERFL 2, NPK+MF 4b# SPAD {H
5 CK AbHSPH B 3548 5 8.02%, 5 NPK+SD 4b#
P RTE 2

222 X Pég#ivh WK 4 Fros, 2 IR,
FF LR PEREFIE “S” MR,

TEPZE G KA R oK. MET CK bR, BljiEf

H REIEAEUN WO TEmAERN il
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accumulation
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m CK m@m NPK+SD O NPK+B @ NPK+MF

HUIE S AL BEXT Py 5N 225, NPK+MF Ab# R iy
. HZETE R NPK+MF 43 % CK F1 NPK+B
AT 517 25 B 2 R R 9.53% A1 4.59%; FELRZE i
K3, NPK+MF % CK. NPK+SD Al NPK+B 4b#
Iy ) B E R 11.31%- 7.66%H1 4.92%; FEiE
AR, NPK+MF £ CK Ab B 7 ¥ & 2% 32
8.95%; fERLEY], 2022 5 ACHE R TC B 2 5T
2023 4 NPK+MF AbFHE: CK kb3 B 2 32 5 2.46%,
HHAMAE TR %R

B OB DR SRR ey

Tuber
bulking
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Seedling Maturity
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El4 20222023 FDREJEEH P EUANE
Fig.4 The variation of Py in potato growth period from 2022 to 2023
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&R RO K . NPK+SD ARHE R - F Al
MABRXBIE R, ERZER .. $ZEP KR
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Fig.5 Nitrogen uptake in different organs of potato
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BERE 11.41%. 29.10%. 17.85%FH01 25.05%; 2= 24.55%. 25.99%. 38.28%#K1 33.67%.

FFR 2R 5 CK A 43 5157 5 32 25 18.40% - 6 AT%n, 2 FEiEskilinss KM, MELE
24.26%- 21.53%M127.37%; WAREWWER CK  FIHERHEL, D8 Z M A& 0715 4 e bl &
Ab TR 5T B4R 19.67% . 29.18% . 24.27%A1 57.93% K [ & 23.46%, AT 37.67% F B &=
26.59%; PR EMWICER CK A5 TF5EmE  28.35%, R&RH 16.36% FFFZE 5.00%, Pz L

m P2 Tuber @ HRoot O 2% Stem @ M Leaf
2022
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B FE L Nitrogen distribution rate (%)
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CAL S TSI S E SIS SIS F S P S
R S S
Wi ey 2] N PN eI R R
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o DRE[ZE/NOC
Fig.6 Nitrogen distribution of potato
T+, 1 29.73% EFFE 56.66%. ¥, JEEEE O NHCEER . AT CK 4LHE, HHLE:
232 MEEERKASBGHF A WE TR, 2 FIEHE Tt Xt Bl 2 MR AL B 2 Wi S 2, NPKA+MF AL FE R
FRIGR, TSR ZATH, BRI LZEr A HIRINE . 18 NPK+MF A BEr F . ZXFFF0

m B2 Tuber = R Root o 25 Stem @ M Leaf
35 2022

—_— = NN W
wm O wn O wn O

30
25

Tl Z R U & Phosphorus uptake (kg/hm?)
W
W

gl HZETE R =P ] TERR R B

Seedling Tuber formation Tuber bulking Starch accumulation Maturity

E7 SDRERBOBZRREE
Fig.7 Phosphorus uptake in different organs of potato
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R W RSO CK AR FE T 15 3 25 35 20.55%-
26.56%7F1 23.46%; HLZEIY A NPK+MF 4b 2 it
A ZEFF MR R RN LR RIS S CK AL 334 B
TR 27.03%. 22.43%. 36.33%A1 17.57%; HhZE
KB CKAb P35 B 25 4 1y 52.43% 43.49%.
38.16% A1 34.09% . V&M A2 W CK Ab B35 2
FHRE 50.89%. 44.58%. 52.90%F1 47.68%;

m HZX Tuber
100
80}
60+
40}
20+

100 -
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20+

i 43 BiC % Phosphorus distribution rate (%)

@ # Root
2022

WL CK ALFR 730 3 B35 4R 5 47.77% 36.96%-
37.21%H1 47.79%.

H P 8 T, 2 FEiRIGRE, BEEE TN
e, SR R B S 3 4 e BB 50.44%
TRER 16.49%, Z2FFrHH 38.02% T %% 9.22%,
WA 13.30% NS 3.01%, HeZxdizd B,
i 25.59% EF 2 71.34%.

O 2 Stem @ M Leaf

2023

0
< "y NS <9 Q & Q &
(ORI x (OENN (ONS s (SN s (OSSN
S & 3 S “17& & Q‘s$ SR
< S < $ S S S R
HiY ey %] Y PN TER R A
Seedling Tuber formation Tuber bulking Starch accumulation Maturity

8 DREMENE
Fig.8 Phosphorus distribution of potato
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Fig.9 Potassium uptake in different organs of potato
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LM, JEEAE N ECEER . AT CK 4
B, AU AL B R RS B R 2, 5
S AR R R W 48 DA NPK+MF A 3 8 5
PL CK A FR AR . 13 NPK+MF ALHE M- Fr . 2557
FIAR 2280 25 T B 4 CK AR B 43 31 T 34 4 35 4 v
20.90%- 31.35%#1 38.41%; 25 K NPK+MF
AEEEM Fr. ZEFFL AR R AR E L CK A FE 5y
W7 ¥ B AR T 23.77% « 26.66% « 33.25% Al
25.68%; PRI CK AL FE 73 551 -2 5 3 4 v
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100 -
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40|
20}

100 -
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60 -
40+
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M4 BLZ Potassium distribution rate (%)

@ R Root
2022

25.10%- 22.08%- 28.58%F1 26.02%. VA 2
B CK AL B4 1) 135 B 2 32 15 19.21% . 18.42%
26.11%7F1 29.34%; B CK ALER 43 il 73 8.3
JEE 19.40%. 22.44%. 30.91%7F1 28.24%.

B 10 A] 50, 2 FilIe R, B R E M
ek, SRt fr b B T35 4 i B e 41.26%
TPER 14.20%, ZEFFHH 54.66% FFEE 30.27%,
AT 11.61% NEE 5.77%, HZEH @ L,
i 15.08% L F % 49.17%.

O 2 Stem @ M Leaf

2023
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§ S S 5 S I § s $ $
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El 10 DRERZSE
Fig.10 Potassium distribution of potato
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MF AbEER: . ZEAF AR R T A 2 24 CK Ak
TR P45 5 4 21.18% . 20.96%H1 30.43%:;
BT R 2 )T 350 B 25 4 1 28.15% 19.36%-
32.49%H1 33.19%; HRZENZRI 7370 73 B E 1R &
35.39%. 18.31%- 16.47%H01 27.12%. ek 23
I3 5T 18 B AR 27.66% - 28.37%. 23.81%Al1
34.60%;: FCAM AR ERE 31.57%.
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11 SRETHRRARE
Fig.11 Dry matter accumulation of potato

30.32%-. 18.16%A1 33.19%.

2 R (B 12) R, A LB AR SRS i mT L
BERS LB E™E, NPK+MF 4 H 7~ & &
. CK. NPK+SD. NPK+B 1 NPK+MF b ¥ 1]

A1 40 054 kg/hm?. NPK+SD. NPK+B #il NPK+MF
AR H AR S R A CK AL B4 P 35 B A S
13.35%- 12.23%#1 25.58%; NPK+MF 4bFE K 544
B B NPK+B Al NPK+SD AbFH 43 5] - 35 55 3 42

P )

LA E P8P 008 31 910, 36 141, 35 822 = 10.82%F1 11.91%.

o 2022 B 2023 25 SREARMREMHEX SRR NS
w0000 | bb o, b AN

£ ol W 1| Fim, RS, B % LAI
= 53 50 SPAD fE. Pov No P K 5T#i A 8
2 200008 R B E MR E A% Ry SPAD fHfl Py 1
= 10000 775 Ny Py K. FYRA R R R B EHRR
. ‘ ‘ ‘ #&: N Py K5 TR BRSO IEARRR
NPK NP‘Z?;H%;ZITB NPKAMF Fo L, ARNEEE A E A AU IR A

B IETT DLBR = 48 2 LAL. SPAD ! P, MM
PIHEEREERTE S ', AT TR RN &

B 12 FRBEASATERESE
Fig.12 Potato yield under different fertilization methods

&1 DREFLAL SPADE. A SHNARE. TURRREZEMHEXXE
Table 1 The correlation between LAI, SPAD value, Px
rate and nutrient accumulation, dry matter accumulation of potato
FE x5 Index LAI SPAD P, FH))5 1 22 & Dry matter accumulation

LAI - 0.966" 0.977" 0.993"
SPAD 0.966" - 0.906 0.990"
Py 0.977" 0.906 - 0.950"

N 0.997" 0.983" 0.960" 0.999™

P 0.995™ 0.985" 0.965" 0.998™

K 0.989" 0.991™ 0.955" 0.997"

T 7 22 & Dry matter accumulation 0.993" 0.990" 0.950" —

“worRL “ SRR SRR (P<0.05) FIBEE (P<0.0D) A%, FHE.

“*” and “**” indicate significant (P < 0.05) and extremely significant (P < 0.01) correlation, respectively, the same below.

TE R - i f /s AL TS AL, RN P R AR O R R R
HE2 M, SREEKKN. P. KRR 25 oM LAL 5T 2 & A SPAD 1H 1%

« LAL. PoFITPIRAR RE SUGRIAF= B RN, S DLE g s SR W P T

%, SPAD [H 5 R BMHHARE. HiE LA HPCRIEm SR E &,

=
W

=
==X
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2 ETRBNDIRENDHELAL SPADE. P FOHRE, TURRERESTENHEEES
Table 2 Correlation analysis of potato LAI, SPAD value, Py, nutrient accumulation,
dry matter accumulation, and yield based on partial least squares method

b e AR AR R A B T A R P

Index Pearson correlation coefficient Variable importance in projection Variable importance in projection order
N 0.975" 0.99106 4
P 0.982" 0.99478 3
K 0.975" 0.98984 5
LAI 0.986" 0.99821 2
SPAD 0.937 0.97137 7
P 0.996™ 1.03314 1
T R & Dry matter accumulation 0.969" 0.98770 6

3 iWig

B RS R AR K R B AR 2R R e
¥, TR EREEY LA T2 5 8 f2s-26,
T H BRI R, it A AR BC A ALAE AT
FIRE DR E LAL ARPFRERSHMML. A6
TR, WIERC I AEY R AL (NPK+MF) Ab 3
N LAL RILEAM, (HAERZETEBUHLLE A
5 CK AbPEZE 5 535, 3 U0 A BCAE 1 v M AT A
HE AR R AR, R . YRR
E SR EERK R E R B B2, T4 1
R YR B E M EERIE A, Hon
RE TR ER K. AP FH, NPK+MF
AR TR A e R AR K, B E
MR TYRRE. AR, D8I TR
MEAEREENMEFHEE - —128m T HEHR,
HAEEM R WA B K, X5 ARSI #5
DO T SE R — B UTEER, AN [ AR e X A
YirE s R R 2, AEWAE = AR T 2
LIRS m I AR R IBY, BUE RSB R
B, PR S A VLIRS v $E s e e &, H
GG R R AE YRR ™ R 48 {8 B 1) T 7 8 e A
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Effects of Organic Fertilization Measures on Photosynthetic
Characteristics, Nutrient Content and Yield of Potato

Zhang Le'?, Han Yunfei?3#4, Du Erxiao?3#, Li Baocheng?, San Xintong?,
Liu Xinyu'2, Wang Yanli®, Zhao Peiyi?>**, Ren Yongfeng?3#
("College of Agronomy, Inner Mongolia Agricultural University, Hohhot 010019, Inner Mongolia, China;
2Inner Mongolia Academy of Agricultural & Animal Husbandry Sciences, Hohhot 010031, Inner Mongolia, China;
3Inner Mongolia Key Laboratory of Dryland Agriculture, Hohhot 010031, Inner Mongolia, China;

“Inner Mongolia Cultivated Land Conservation Scientific Observation Experimental Station of Ministry of Agriculture and
Rural Affairs, Hohhot 010031, Inner Mongolia, China; 5Inner Mongolia Autonomous Region Xing’an League Agricultural
and Animal Husbandry Technology Extension Center, Ulanhot 137400, Inner Mongolia, China)

Abstract Aiming at the issues of poor soil structure, insufficient nutrient supply, and low potato yield in the
agro-pastoral ecotone in the Northern piedmont of Yinshan Mountain, Inner Mongolia, a two-year field
randomized block experiment was conducted. Taking conventional fertilization as the control (CK), three
treatments were set up, including chemical fertilizer reduction combined with sheep manure (NPK+SD),
chemical fertilizer reduction combined with biochar (NPK+B), and chemical fertilizer reduction combined with
microbial fertilizer (NPK+MF). The dynamic changes of leaf area index (LAI), SPAD value, photosynthetic
performance, plant nutrient accumulation and dry matter accumulation of potato plants under different treatments
were compared and analyzed. The results showed that during the tuber bulking, NPK+MF treatment significantly
improved LAI and leaf photosynthetic performance of potato, with leaf SPAD value significantly increased by
8.04% compared to CK, and no significant difference compared to NPK+SD and NPK+B treatments. The net
photosynthetic rate of NPK+MF treatment was significantly increased by an average of 11.31%, 7.66%, and
4.92% compared to CK, NPK+SD, and NPK+B treatments, respectively. Under the NPK+MF treatment, with the
growth process of potato, plant nutrients are transported from stems and leaves to tubers, and the accumulation of
N, P, and K in potato leaves, stems, roots, and tubers were significantly increased. During the late stage of potato
growth, the distribution ratio of nitrogen, phosphorus, and potassium in the tubers increased by 90.58%, 178.78%
and 226.06%, respectively. The yield of NPK+MF treatment was the best, with an average of 40 054 kg/ha,
which was 25.58% higher than that of CK. This experiment identified that chemical fertilizer reduction combined
with microbial fertilizer was an effective fertilization method for soil fertility improvement and efficient
utilization of soil and fertilizer resources in the agro-pastoral ecotone of the northern piedmont of Yinshan

Mountain.

Key words Potato; Organic fertilization; Photosynthetic characteristics; Nutrient accumulation; Yield



	1  材料与方法
	1.1  试验地概况
	1.2  试验设计
	1.3  测定项目与方法
	1.3.1  叶面积指数  分别在马铃薯苗期、块茎形成期、块茎膨大期、淀粉积累期和成熟期每小区取3株
	用直径为1 cm的打孔器沿叶脉打孔，称取小圆叶鲜重和整株叶片鲜重。单株叶面积（cm2/株）=样本叶面
	1.3.2  叶绿素相对含量（SPAD值）  于马铃薯苗期、块茎形成期、块茎膨大期、淀粉积累期和成熟
	仪（柯尼卡美能达，日本）测定顶部叶下第3片叶叶脉两侧的SPAD值，每小区随机选取5株，取平均数。
	1.3.3  光合特性  于马铃薯苗期、块茎形成期、块茎膨大期、淀粉积累期和成熟期用CIRAS-3型
	1.3.4  干物质积累量  于马铃薯苗期、块茎形成期、块茎膨大期、淀粉积累期和成熟期每个小区取样3
	30 min，然后在80 ℃烘干至恒重后，测定干物质积累量。
	1.3.5  植株养分含量  将干样粉碎过0.2 mm筛装袋用于养分测定。采用H2SO4-H2O2消
	色法测定全P含量，采用火焰光度计法测定全K含量。
	1.3.6  产量  在10月初马铃薯成熟时，对各小区中间2垄（12 m2）进行收获测产。

	1.4  数据分析

	2  结果与分析
	2.1  不同培肥措施对马铃薯LAI的影响
	2.2  不同培肥措施对马铃薯光合特性的影响
	2.2.1  对SPAD值的影响  如图3所示，2年试验表明，马铃薯SPAD值在块茎膨大期达到顶峰后
	显著差异；在块茎形成期、块茎膨大期、成熟期NPK+MF处理与NPK+SD和NPK+B处理无显著差异，
	2.2.2  对Pn的影响  如图4所示，2年试验表明，各处理马铃薯Pn在全生育期呈“S”形规律变化

	2.3  不同培肥措施对马铃薯养分吸收及分配的影响
	2.3.1  对氮素吸收及分配的影响  如图5所示，2年试验表明，在马铃薯生育前期，氮素的吸收以茎叶
	显著提高11.41%、29.10%、17.85%和25.05%；茎秆氮素吸收量较CK处理分别平均提高
	2.3.3  对钾素吸收及分配的影响  如图9所示，2年试验表明，在马铃薯生育前期，钾素的吸收同样
	以茎叶为主，后期转为块茎吸收。相较于CK处
	理，有机肥处理对钾素吸收量影响显著，各时期马铃薯各部分钾素吸收量均以NPK+MF处理最高，以CK处理

	2.4  不同培肥措施对马铃薯植株干物质积累量和产量的影响
	2.5  马铃薯不同性状间的相关性分析和偏最小二乘法分析

	3  讨论
	4  结论

