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Responses and tipping point of summer maize to consecutive soil water decrease

SHI Yaohui, ZhOU Guangsheng* , WANG Qiuling, MA Xueyan, FENG Xiaoyu
Chinese Academy of Meteorological Sciences, Beijing 100081, China

Abstract: Maize plays an important role in food security and the development of livestock husbandry in China. Drought is
the most important meteorological hazard for summer maize production. Drought accounts for 64% of the total area affected
by the four meteorological disasters ( drought, flood, storm, and cold) in major summer maize producing areas in China.
Accurate and timely access to drought information is critical to the safety of summer maize production. Drought indicators
can indicate the occurrence and degree of drought. The plant eco—physiology indicators can reflect the degree of water
shortage and drought tolerance of plants directly. There are tipping points for the response of summer maize to drought. That
is, when water is below a certain critical point, it will have a significant impact on plant physiology and other indicators.
The different sensitivity of indicators to drought results in different tipping points. In this study, two water treatments
(adequate water supply and stop water supply from jointing stage) were designed to simulate the responses and tipping point
of summer maize " Zhengdan 958" to consecutive decrease in soil water. The study was conducted at the station of ecological
environment and agro—meteorology of the China Meteorological Administration (39°08'N, 115°40'E) in 2015. Six plots
(2m X 4 m) were used for the two water treatments ( three replicates for each ). The results indicated that: the

physiological indicators were adversely affected after 10 days when water deficit accumulated to 34 mm and relative soil
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water content decreased to 64%. Biomass was restricted after 20 days when water deficit accumulated to 66 mm and relative
soil water content decreased to 56%. Morphological characteristics began to be depressed when water deficit accumulated to
86 mm and relative soil water content decreased to 52%. Among the physiological indicators, the water content and water
potential of the first fully expanded leaf at the top were affected first. The sensitivity of physiological indicators’ response to
consecutive soil water decrease was ranked as: the water content and water potential of first fully expanded leaf at the top >
the water content of third fully expanded leaf at the top > the water content of total leaves > the water content of stem=the
chlorophyll content of third fully expanded leaf at the top > the chlorophyll content of first fully expanded leaf at the top,
and their tipping points in terms of the relative soil water content were 64, 62, 61, 60, 60, and 59%, respectively. In
terms of the accumulative biomasses, the stem biomass was the first to be impacted, followed by root biomass; and the
tipping points in terms of the relative soil water content for both were 56%. For morphological characteristics, the number of
leaves decreased first. The sensitivity of morphological indicators to consecutive soil water decrease was ranked as: leaf
number > plant height > total leaf area; and the tipping points in terms of the relative soil water content were 52% , 47%,
and 46%. The response of summer maize to soil drought process was as follows: physiological characteristics changed firstly,
followed by biomass accumulation, and finally morphological characteristics. These resulis can provide a reference for the

development and monitoring of drought in summer maize objectively.

Key Words; summer maize; consecutive soil water decrease; sensitivity; threshold
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(39°08'N, 115°40'E) JFJ& , 1% X 38 % il iy el 1 2% AU/ Mk, AR 34T 12.2°C , AR B OK £ 528mm, 4F -1
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Fig.1 Variation of soil relative humidity (a) and water deficit (irrigation accumulation) (b) with time in two treatment groups
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Fig.2 The effects of consecutive soil water decrease on morphological characteristics ( mean+SE, n=3)
F1 TEASBERONERREBESHERMB T ESW
Table 1 ANOVA analysis of summer maize eco-physiological characteristics under consecutive soil water decrease
F84% Indicators P df T8 45 Indicators P df
FRE; Plant height 0.221 1 Top-1 M4 ZE 5 & Top-1 Chlorophyll content 0.000 1
M-%% Leaf number 0.063 1 Top-3 M4 2 A Top-3 Chlorophyll content 0.000 1
ST Total leaf area 0.762 1 Top-1 M5 7K & Top-1 Leaf water content 0.011 1
AT FH Single leafarea 0.129 1 Top-3 7K+t Top-3 Leaf water content 0.000 1
TR SLA 0.209 1 SR 7 7K Water content of all leaf 0.000 1
A& Leaf biomass 0.388 1 ZE{%5 7K Stem water content 0.001 1
224 Wi Stem biomass 0.122 1 Top-1 7K# Top-1 water potential 0.000 1
AP Root biomass 0.049 1
A Aboveground biomass 0.001 1
A& Total biomass 0.001 1
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F2 BEEREEETERT TEKSPEFHME(T), KD SE (WD) f1HEBXHEE (RSWC) BHE
Table 2 Thresholds of duration (T), Water deficit (WD) and Relative soil water content ( RSWC) when summer maize eco-physiological

indicators were affected by soil water stress

i&hE KA i B{E Threshold
Indicators Water —p uations R P o
treatment T/d WD/mm  RSWC/%

JE ZSHHE Morphological characteristics

Bk Plant height A y=-0.015x>+2.469x+48.774 0.96 <0.01 35 111 47
D y=-0.015622+1.7197x + 75.601 0.85 <0.01

M40 Leaf number A y==0.0027x>+0.304x+3.787 0.92 <0.01 27 86 52
D y=-0.0023x2+0.2451x + 5.0722 0.83 <0.01

ST Total leaf area A y=-0.8186x>+ 96.812x-214.65 0.94 <0.01 38 121 46
D y = —0.7227x2+75.005x+481.28 0.46 0.01

HEHASFHE Physiological characteristics

Top-1 MR & A y=-0.0014x>+0.0351x + 37.845 0.57 0.07 17 53 59

Top-1 Chlorophyll content D y=0.0023x2-0.5888x+47.374 0.81 0.07

Top-3 M4t E T it A y=-0.0026x%+0.2513x+34.713 0.561 0.08 16 50 60

Top-3 Chlorophyll content D y ==0.3557x + 44.016 0.73 <0.01

Top-1 M- & /K A y=-0.002x+0.8375 0.85 <0.01 11 34 64

Top-1 Leaf water content D y=4E-05x2~ 0.0054x+0.8696 0.90 <0.01

Top-3 M &K A y=-0.0022x+0.8263 0.89 <0.01 13 40 62

Top-3 Leaf water content D y=-0.0015x+0.817 0.87 <0.01

i Dty Sois A y=8E-06x>- 0.0023x+0.8442 0.86 <0.01 15 47 61

Water content of all leaf D y=2E-05x>-0.004x+0.8666 0.96 <0.01

ZEEOKE A y=-0.0015x+0.9134 0.79 <0.01 16 50 60

Stem water content D y=1E-05x>-0.0033x+0.9393 0.93 <0.01

Top-1 7K % A y=-0.0081x-0. 87 0.62 0.02 11 34 64

Top-1 water potential D y = 0.0004x2-0.0547x-0.3927 0.87 <0.01

H: ¥y Biomass

ZEEWIEE Stem biomass A y=-0.0058%*+0.8507x — 8.5027 0.92 <0.01 21 66 56
D y=-0.0028x>+0.4952x~2.415 0.91 <0.01

HRAEYIHE Root biomass A y = —0.0008x*+ 0.1297x-0.7128 0.91 <0.01 22 69 56
D y=-0.0006x2+ 0.0814x+0.25 0.75 0.02

b 1A= R Aboveground biomass A y = 1.4464x-19.441 0.95 <0.01 26 82 53
D y=0.576x+2.8585 0.92 <0.01

Fa Rk B AE I Total biomass A y=1.5095x—19.084 0.96 <0.01 25 79 54
D ¥=0.6023x+3.9938 0.91 <0.01

A, FEUHEK; D, HIEKELLIED A, adequate water supply; D, consecutive decrease in soil water

2.3 AEPRRHE

H KSR DA B (D) FUREARTTREES | 7 58 2 B IFI (Top-1) R 3 i (Top-3) 42 & &t
koK E B ERTRMKA(A) (B 3a, b, ¢ fild, £ 1) &M F&KEMZESKEREF KT
SR (A) (K 3e FIE, 2 1), THOKFREE /DAL (D) A Top- 1 MK A& 5 T IR 4 (A)
(Bl 3g, 1), [FFE, BAEEEL AR 38R 5 K 380 D 22 [l HU 5 1 i e 28 a5 2 8K o il 2
T AN FISE I 4R o (181 3, 3 2) |, RIVE FOR A 3R A B - 398K 43R 2k 20 32 21 Foih 3 (0 Bsf ] 9, %oF o2 P 7K 43
5 e 22 AR A A AR SR FR BRI 46 32 2 W8 1Y 7K 375 i S (B AT T SR BE B, 45 2B BRAR AR T 06 32
2+ K SRS W38 B[R] BB AT, Top- 1 M4 R it S /K s At /K #4351 17 .11 A1 11d, Top-3
W2 28 B B AN Bk 4050k 16 A 13d, 23tk &k 15d, 255 K&k 16d 5 TF 4R 32 BBk B 9 7K 4375
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BMELAN T, Top- 1 MFER R Fr &t 5 K& /K #9358 53 . 34mm Fl 34mm , Top- 3 4% 2 & & F1 5 7K & 53
SR 50mm 1 40mm 5 2 F 7K A 47mm; 255K &8 50mm ; 45 32 21 W8 B ) - AR BT,
Top-1 M4 & M-S KB FIH K EIT 50 59% (64% 1 64% , Top-3 M4 & i FH- 5 K 23 3 60% il
62% ; = HRF 7K &R 61% ; 22 T 7KEE N 60% (3 2) o MR R A /Y J6 )5 , 7K 4375 R B (i R - SRR X 1
8 /I, A2 BRREAE XS - A3 K 430800 B U I o < T 5 1 7 6 4 J FF I A 3 /K B MK 3556 3 i1
TR E SR I K ESZE S KE =55 3 B ISR R A RS TS 1 R s &R IF 4 E & &
24 YR

T HOK RS A A (D) B AR R R A AR M AR RS AR Y A A BRI R T
FEATEEKA (A) W& TR Rl DB W IR T 7K A (A) (K 4) o BAREEAERINW A4 3
A A o RN 2R A i 2 e AR B 0 KO (3R 1) B ZEAE YRR S I 3 25 S n e B B, (R 3ET
TE 2SN A BEFSBR 04 I [R] B, 7K 4375 55 (0 {0 R - 38 AE X 1 38 B AL, 25 i ARZE W b B A fn A )
HEIF A 32 30T S W8 0 I ] R 43590 21 .22 26d F1 25d, K43 5 BB 43 510 66 .69 .82mm F1 79mm , 14
AHXS I B 5301 56% \56% \53%F 54% (222) o WA I 18] BB 56 ), 7K 375 ke 1] {0 AR - SFEAH X I8 2 1
(B RIN A Wy i R BT - 338K 53 i/ AR BBURRA Iy - ZE A ) S AR AR W > L E A

3 e

VeI T 2 AEAE A MR R, B 247K A0 T — 22 I 0 LA A2 WA 4 A P AR 25 45 AR K8 b il 5
M), AN ) A A R X R A A 22 57 350 1 RS ), 8 1 B S s e bR G s TR AS [ 2 A
FEAH TR A — RGN AR AR 1 e R R B K R AN, i R G AR TR BB S R & AR AR i
Z B0, Bl W0 AR B A R SR 2 A Rz BlRg RSB E AR, E 2B BRI TR R R 2R
A4 Y AR RHADE S ARAE Y R HOK R RE WAEY T 2486, R T R e— 124 KRR sh i
T, B 9 Sk i FURE SO S B 4 = K AR, 5 T 5 BB B0 R D R T3
F BB SR SRR T A AR BRAZ ] 52 Wi AR , 7K A3 AT e SR A 0 b R X =
AT AT T B T K MR BT8R 45 A K A A b - 49K 3 el /0 BT S a0 A B, 78 T 5 it F5 4k
10d ZJ5 , BHOK /AR5 B B ARE 34mm , HFEAAXE R T BES] 64% J5 25 50 A5 3P bR G 2T 46 22 2k, 20d
ZJ5 KA ARX 75 i B RGAF] 66mm , 1 A X EE R B 2] 56% J5 -t e B A Py s R R B s e 2]
PR e RO T PR T S A AE . [RIRRAR IR T 1 52 A= i S ok A B AR 72 A= 30 5 AR W RO S A i 7. B
FLTF R L BUMR 0 R TS 1 R 58 SR TR /K SR &K i, T BUK S TF 1800 (18 AR BE (N 64% 5
5K B PR T FTAHME (65% ) BT . ANBISE H 5K SRR Es /0 b B AR X FE 4 K 20 7E B2 H st ] v 2R
B3 it 244mm , A 3424 98mm , 5 F KA KT H VXK 38 A 100mm A2 47 PRI, HE9 A4 3R 250
FEXF BRI DR A8 Ak R e 17, S PR DRl B S/ FH A 28 21 IR IR CO, vk B A+ % 70 S5 8 AL R 23 3% Tl 7K
535 SRR ARONE , PR A B (L S B azs FH bRy DG i LA PR % 7 57K 4 38 BAE RIS, 5% s D00 R o
() ) e AR E T I S S i L )k SR PE A D B 5 A5 7 Y L, AR B R A & Bl 2
BRI A S RS T)RRR R ok 35 K o R AR K S 1 it 7 A A RO A B R 25 7 1102222 R 3R
B S KIS TR RN S KRR BE A B, LR B AR 8K 25 45 BRI ST 1o 3 05 28 T 6 T

TR IAANG T A T S 0 R A K R B A S Z R, I BT LI BRI PTRE , eamn] 2
R R B Y R R K B R R 60% 2 Ay, SARMEIR R & E , 0 A B T B3 A = AR
BE R N KRS A A (D) B AR Y ZEAR YR ARAE YR PR | R R T RURN A
FUE - 8K A3 Re B2 D W0 5 50 43 K 20 (A) AH LU A B a 35 (18] 2a b e Fil d, K] 4a ¢ Fle) , 3R UTE B
T S8 AT AR HE TR IR T I A SR A K . AR A W I T R R R KR 6 iR L B A A K
—ANE Y AR S + K S MR T AR TR 52 5L B LA A R/ — 28 T R oK

http ; //www.ecologica.cn



8 S % 38 &

50 a 50
45 _ 4
5 a0 f g 40t
Eﬁ 8 35t Eﬂg 35 L
®T 30| %3 30 |
B 25| ®E o5
7 50 20 | g % 20
S— 15¢ S 15}
o & L
2 10 e 10
5 5
0 . . . . . . . . , 0
0 10 20 30 40 50 60 70 80 90 0
0.90 0.85 ¢
° d
% 0.85 + g 0.80 |
ws 080 BE 075t
%5 075t g 5
§§ o0 £g oo
=5 25 065t
= 2o
8 0.60 g 060+
= [l
055 | 0.55
050 L L n L L L L n 5 050
0 10 20 30 40 50 60 70 80 90 0
0.90 - 0.95
0.90
o 085}
2 080 g 08
HE w E 080
%% 075 | 22 09s
€5 om0l ey
2E M= 070
% o 065 ¢ £ 065
O 8 .
S 060 r 060 |
0.55 | 055 |
0.50 L L ' 1 L 1 ' 1 ) 050 L L L L L 1 1 L )
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
-3.0 S BE R [H]
~ Proceeing time/d
£ g
S 25t
=
® 5 20r
% 9
= & oD
= 5 -15)
4 T o A
S =
Eg o -10f
o
L o-0st
=
0

0 10 20 30 40 50 60 70 80 90
AL BRI 1]

Proceeing time/d

3 HEEKS RGN DX E BRI (BT e hRiELR)

Fig.3 The effects of consecutive soil ware decrease on physiological characteristics ( mean+SE)
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Fig.4 The effects of consecutive soil water decrease on biomass ( mean+SE, n=3)
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