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Effects of Waterlogging Stress on Available Nutrients and
Maize Nutrient Absorption and Distribution in

Different Soil Types at Seedling Stage
ZHANG Xing, ZHAO Xiang—yang, GUAN Yan—xia, WANG Xiu-ling,
ZHANG Xue-lin, LI Chao-hai, WANG Qun
(College of Agronomy, Henan Agricultural University/
Collaborative Innovation Center of Henan Grain Crops, Zhengzhou 450002, China)

Abstract: The pool experiment with two soil types (fluvo—aquic soil, lime concretion black soil) was conduct-
ed to investigate changes of soil available nutrient and maize nutrient uptake and distribution under waterlogging
stress at seedling stage. The results showed that waterlogging caused available N content decreasing significantly in
two soil types, and the more decreasing with longer waterlogging. The content of available P in two soil types showed
an inverted parabola, and reached the lowest value at the 3rd day of waterlogging. The available K content was "up—
down—up"curve in fluvo—aquic soil, and it was increasing with extend of waterlogging in lime concretion black soil.
The nutrient and dry matter accumulation and yield of maize decreased significantly with prolong of waterlogging
time, the accumulation of N, P and K was decreasing respectively by 21.37%—72.22% , 22.00%~-42.10% and
11.71%-60.36%, the accumulation of dry matter decreased by 37.49%—57.17%, and yield decreased by 9.05%~—
30.15%. The decreasing in fluvo—aquic soil was higher than that in lime concretion black soil. The nutrient and dry
matter accumulation of leaves and stems was reduced, but the proportion of nutrients and dry matter in stems was in-
creased under waterlogging stress by 25.95%and 43.34% in average.

Key words: Maize; Waterlogging; Soil type; Soil available nutrient; Dry matter accumulation

KHABH: 2017-07-08

EETIB.: FEZEARRAIES(31201162) FE R LKA AR R E T(CARS-02-19) & HB I /N T AR FE 5 S Se = Wi H
R4S [ bR AR H (124300510013)

EE®: 3k B(1991-), 55, TaIg =T e A Bt 5807 [ VR AE AR DS . Tel: 15939033711 E-mail: star]205@163.com
T FENARSCGETSES . E-mail : wangqun177@163.com



14 S

FREAE WK A XA (] e RR I3 B FOK E ISR A o3 BE 5] 75

T R A A R DR 55 X 22—, Bifi
BRSBTS A X Ml Az 77 1)
S W B R A et T B i 9 K R R 0 Y 3
Z B EC R E R F AR K FE R R
FLh HARKFE R 28% 2547, LUK %38 3.63% , HAY
WA T 10 48k 7o ARl oK K A2 9 T
192 148.68 T hm’, (4 532 U T ALK 23.929% A A,
TR AP R 1K 23.7%" . F5 I I X 3R [
FEMEA KR Z " FERERET L2 A E
B I EOKTEAE KR B R R ) 52 335t
5 I F N, U HAE RS Y g R 5ty
BRI 232 X R OR AR PR I R R R 2 — 1,
HEAWFFTFE0 , W /K e ol s 1 3Rk L Bk
I, AR A 8 AU A J5 L A (Eh) , 39858 0RO %
b, R E TS, BB R RIS ,
R TR, 52 1 BE R4 B S AR
I A Bt A WK (] A A, - IPEm Ak Bt ) o o B
I, FEAHS WA b, WK R T R AR
T AN A R B R RN, L A 4 58 J R B AR AR
1 7K s KT AR D - S AR A 2 1 [
JE I A A RO S Y ARG I
e AR o0 ) 5 1 R AL, A5 i AR R0 5% 43 1 I
W, WF5ERUT, WEAK RS AR R I A R, S B00f
W3 BRI 4 R TG 2R WSO R /b= > 4
INFE R IEEK R E R TN R A TR
W SE 2, BT K AN [v] B 9 7K A 30 2 AR AR A PR AL
W PR A B, DA e e KT, T g
My A5 HA R A A A 2R O TR I
AR I H SR HERDIR A ED) A K R B ANF
TR G AN [F) - eSS R 7 AT A8 A i AN T A
HRETRKENTTT 2L TREH S 8P A K 5%

T Bt A O 55 1 8% AR, % A gl
5 E T TSR 0 AR AR B R IR AR
SYTCAR AT SE A o R, A 5% DAAS ] - 1 0
KX G ARG K e T AN [F) - 2R R 3R 43 AR AL R
HE BAEAR IR WOBCRRAE | S 52 5 3 e )5 R OB}
S R R R S AR
1 PRSI
1.1 RIe R

RIS T 2014 ~ 2015 4F 7] B AR b K 2= R} 2 el
X (Jb4h 34°16", ZR 45 113°14" 14K 94 m 26 A7) iE 4T,
T2 XA T 9% A~ 1 B S, O 7R W
220 d, H B %2 400 h, 2 56 30 4] H S 2 96 B
25.6°C, H V¥R 2 103.7 mm,
1.2 RIWigT

IR H BRI K R . ERTH
T HESEAY B A (FS) AR 22 56 1 (LS) 5 Bl Bl 1 e
TRREL, A ME K (CK); HE7K 1d(T1)5 WE7K 3d(T2); #E
K5 d(T3), H: 8 NAbBE, BEALIX 2% 11 R,
WX AR 1.0 mx 1.2 m, ¥R 1.0 m, #EEJE 7 cm,
IR UBHRERI AR, 7K e TS, IA577 7K A BB 37 D8
Bilw. WEFET, 73 BRE0~20 em 21 ~ 40 cm (41 ~
60 cm .61 ~ 80 cm.81 ~ 100 em + /2 + 3, KT 5 +%
REJECIR 00 43 )2 38 At 1, + e 5 Frie+
SESAARI], A J5 X A T K R S, A 1 4
WOk ZH B RS ) WER 1, B3 IR E R
YK T B2 Tk 5 HHHEAT , 7R3 v, X AR
(1) 38 E K SRR H RIS K 1Y) 60% . FE AL BRI
(i) , 7 7K AL B SN ZK AR T, LA 4 L )
— B A=

F1 il HEENANRFTEE

Table 1  The soil particle constituents and nutrients content in different soil types

[— A SRR ZH 15 %)

) o AL (me AT (me S o
LA Constituents of soil particle ALy  ERA(mgke) EABhmelke)  HALH (mg/kg)
Soil type Organic matter Available N Available P Available K

<0.002 mm 0.002~0.02mm  0.02~2 mm
i/ 12 31 60 9.47 30.57 11.45 125.44
WRE L 28 37 36 16.24 43.44 20.58 167.72
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Table 2 Changes of available nitrogen in different soil types under waterlogging stress mg/kg
T3 ib HZHE Soil depth
Soil type Treatment 0~20cm 21 ~40 cm 41 ~60 cm 61 ~80 cm
W+ CK 32.61d 27.48 d 2691 b 20.96 a

T1 28.01 e 24.17 e 20.61 cd 13.34b
T2 2581 e 23.87 e 19.24 d 14.88 b
T3 21.14 1 20471 14.72 e 11.84 b

EEt CK 4587 a 37.54b 3239a 245a
T1 43.87 ab 40.17 a 23.69 be 21.14a
T2 41.76 be 3542 be 27.05b 2442 a
T3 39.68 ¢ 34.85¢ 24.68 b 22.87 a

e B FPAS R P B FoR 25 57 i 3 (P<0.05), R N,

Note: Different letters in the same column meant significant difference(P<0.05). The same below.
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Table 3~ Changes of available phosphorus in different soil types under waterlogging stress mg/kg
I b FJZREE Soil depth
Soil type Treatment 0~20 cm 21~40 em 41~ 60 cm 61 ~80 cm
Wt CK 22.65f 19.47 ef 14.40d 13.08 ¢
T1 34.35d 21.09 de 16.67 ¢ 13.78 be
T2 18.07 g 12.08 g 11.77 e 10.88 d
T3 28.67 e 17.15¢ 13.12 de 12.18 ed
Rt CK 26.30 ef 2273 ¢ 20.83 b 10.98d
T1 50.87 a 42.74 a 33.65a 17.35a
T2 4244 ¢ 17.07 £ 12.15e 12.68 ¢
T3 47.02b 32.67b 14.76 d 15.05b
x4 BKBHETARE B ELR T IFE
Table 4 Changes of available potassium in different soil types under waterlogging stress mg/kg
T3 b HZHE Soil depth
Soil type Treatment 0~20cm 21 ~40 cm 41 ~60 cm 61 ~80 cm
W+ CK 149.27 e 11991 e 110.67d 144.29 b
T1 220.44 ¢ 147.95 d 94091 e 76.63 ¢
T2 160.65 de 107.89 f 92.78 e 94.76 d
T3 216.01 ¢ 10540 f 100.12 de 86.86 de
Rt CK 178.68 d 178.09 b 142.18 be 13242 ¢
T1 22644 ¢ 160.26 ¢ 13845 ¢ 130.27 ¢
T2 290.62 b 17791b 152.76 b 158.13 a
T3 326.65 a 225.18 a 172.13 a 148.90 ab
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Effects of flooding stress on nutrient accumulation of maize in different soil types at seedling stage

sEA)

Table 5 Effects of waterlogging stress on nutrient accumulation and distribution of maize in different soil types at seedling stage

%A #  Nitrogen

2  Phosphorous

HZE  Polassium

HEE A —— - , - _
Soil type Treatment == Stem i Leaf = Stem i Leaf = Stem i Leaf
@tk @ k) (R (R (%) (gt (%) (/%) (%) ) (%)
W+ CK 0.0384d 21.63 0.1393b 78.37 0.003 1 bed 21.98 0.0109b 78.02 0.0451b 43.11  0.0590b 56.89
T1 0.0352d 2525 0.1045cd 74.85 0.0029cd 26.58 0.0080cd 73.42 0.0430b 46.76  0.0489c¢ 53.24
T2 0.0263e 2643 0.0739e 73.57 0.0027cd 30.69 0.0061de 69.31 0.0311cd 47.28 0.0347de 52.72
T3 0.0254e¢ 35.13 0.0481f 64.87 0.0025d 31.15 0.0056de 68.85 0.0270de 49.29 0.0279f 50.71
[ CK 0.0706a 25.68 0.2042a 7432 0.0066a 30.28 0.0155a 69.72 0.0562a 43.5 0.0730a 56.5
T1 0.0601b 3361 0.1200bc 66.39 0.0058a 3839 0.0095bc 61.61 0.0428b 44.09 0.0542be 5591
T2 0.0459c¢ 3375 0.0905de 66.25 0.0040b  39.12 0.0062de 60.88 0.0316¢ 4548 0.0380d 54.52
T3 0.0322de 4222 0.0441f 57.78 0.0037bc 4238 0.0050e 57.62 0.0252e¢ 4553  0.030 1ef 54.47

23 BAENARLTERBMNEXRERTYUHRER
FR5 4> BL R 220

TE /K 8 PRI T AN IR] B2 FOK A T4
iz B (3R 6), T RIRE IR R 38.42% ~ 53.47% , Ab #
[a] 4 5t 2R AR R CKST1>T2>T3, H i b
KR B) ZE A T3 A, WK 1 d AN S d 4051 e ok R A1
37.49% ~ 39.35%#151.30% ~ 55.63%, 255 3% . A~
i) -4 g+ T R BB AR K 1.3.5d
B IR I AAR 37.49% . 45.75% .51.30% , b 22 28 1

BT R AR T 39.35% .52.10% .55.63% , 26 I Ky
HEK B X022 28+ F KT i BRI K T
W WK R S FORAA B T T B
543 EC, M FEZEF T o R AR RO R
11K 44.97% ~ 64.02% 11 15.37% ~ 35.67% , bifi % ¥ /K
KB IEA FEMRIG A, WE7K 5 d B e FZE AT 4
Joi 2 [ I 18 60.90% ~ 64.02% F1 22.92% ~ 35.67% ,
AT UL 7K I B4 Jox SR AR s i i 2 R X6 25
AIREI . PSR I LIb 2 0+ FOKR S A B 1) T ot
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35.67%, i - I e FIZEFT B9 T4 i SRR R i 4
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Table 6  Effects of waterlogging stress on dry matter accumulation and distribution of maize in different soil types at seedling stage

e Ak ST (g/BR) 25 Stem I Leaf
Soil type Treatment Total dry matter 0%3} (%) (e/4k) (%)
W+ CK 5.24b 1.32b 25.29 391b 74.71
T1 3.27d 1.12 de 342 2.15¢ 65.8
T2 2.84e 1.11 de 38.98 1.73d 61.02
T3 2.55¢1 1.02e 40.23 1.53 ef 59.77
e CK 578 a 171 a 29.67 4.07 a 70.33
Tl 3.50¢ 1.28 be 36.44 223 ¢ 63.56
T2 276 ¢ 1.18 ed 42.65 1.59e 57.35
T3 2.56 f 1.10 de 42.92 1461 57.08

VS 7K WP 52 0] B oK ZE I g o 43 I L A9, R IR
RGN T ZERF b B BT A A REAR I b
B EE A, 7 0T K S 25T TP % 43 B b 48] SF- 34 3 T
43.34% , W 7 14 53 BE LGB [ 16.19% , H 7K B[]
R R i 2 WK 1~ 5 A IR
I3 BE L i 64.68% % & 58.43% , [ IR K 9.67% ; 2%
FFH BT o0 BE EE ) h 35.329%3 22 41.58% , 14 1R
F17.71%, AR L3R i, 8 0 7
(5 BE LI R Fib 2 e+ b B+ X T
JoT 53 Be L R T £
2.4 BB AR LEEEBEXTE

op=1)
16 ¢
14 |
12
10t
0s |
06 |

04 F
02

F K (kg/m?) Yield of maize

M 2 Hra] LI K B 35 AR T 32
T K= i S IR R 11.75% ~ 27.37% , 45 b BE
i) 7= 8 A8 Ak R CK>T1>T2>T3, Ho s 7K Jir 36 B )
o, FLP= m R AR B, 57K 1 d S d 0l L X6 AR
K% A% 9.05% ~ 14.44% F1 24.59% ~30.15% , 72 7
o ORI A, WK1.3.5d T, EE
K e e A0 R 3 1) AT 9.05% . 20.81% . 24.59% , ib
Z P 4 b i BN B3 B BEAIR 14.44% . 23.94% |
30.15%, A] U s 7K JpipE X b 22 08 4 1 BOK - s R
Uy 1

BFS OLS
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B2 #@KEMEX AR TIERR E K2
Fig.2  Effect of flooding stress on maize yield in different soil types
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