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Relationship of leaf water content with photosynthesis and soil water content in

summer maize

FENG Xiaoyu, ZHOU Guangsheng "
Chinese Academy of Meteorological Sciences, Beijing 100081, China

Abstract: Because leaves are the chief organs of photosynthesis, changes in leaf water content affect photosynthesis. Leaf
water content can directly reflect crop growth and:development, and indirectly reflect the degree of atmospheric drying,
ability of soil to supply water, and drought tolerance of crops. Until now, soil water content and its effects on plant
photosynthetic parameters have been investigated in numerous studies, but the influence of leaf water content on
photosynthesis has not yet been reported. Estimation of this influence is essential for accurate simulation of photosynthesis.
In this study, summer maize from north China, which suffers from frequent droughts, was used to determine the relationship
of leafl water content'with\ net photosynthetic rate ( P, ) and soil water content, by performing water manipulation
experiments using 3-leaf stage plants. On the basis of the average monthly natural precipitation for July, over 30 years from
1981 to 2010, in Baoding, Hebei Province, six watering treatments (7%, 20% , 40% , 60% , 80% and 100% ) were
used, with three replicates per treatment. The watering treatments with disposable irrigation were used to simulate the effects
of consecutive droughts of different intensities on the photosynthetic characteristics of summer maize. The plants were not
watered after July 2. The soil water content, fresh weight and dry weight of leaves, and net photosynthetic rate (on the same
leaf on the same plant) were measured under sunny weather conditions every 1 to 2 weeks. The different watering intensities
strongly affected the crop index of summer maize. The results indicated that the leaf water content of summer maize
significantly affected the net photosynthetic rate, the two factors showed a quadratic curve relation under all weather
conditions or developmental stages of plant growth, but with different curve coefficients. On an average, P, reduced to zero

when the leaf water content reached approximately 70.3%, this was considered as an important threshold in the
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photosynthetic physiological activity of leaves. It can provide the basis for dynamic monitoring of large-scale drought
development and accurate assessment of drought degree in crops. Moreover, leaf water content showed a non-rectangular
hyperbolic relationship with soil moisture, which differs from the linear relationship reported in the previous studies,
because of the narrow water gradient. The leaf water content increased with increasing relative soil water content and then
tended to plateau, which is called the leaf water holding capacity. According to the Michaelis-Menten equation, the
maximum leaf water content was estimated to be 85.14% , using the double reciprocal Lineweaver-Burk plot. The leaf water
holding capacity and the critical leaf water content are different for different crops; however, a consistency in the research
methods and laws of response may provide a reference for understanding the effect of changes in leaf water content on
photosynthesis. These results could contribute to objective identification of the occurrence and development of drought events

in summer maize.

Key Words; summer maize ; net photosynthetic rate; leaf water content; soil water content
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PREN 2 I 2 T30 RIRE R B SR A B2 | () i JR g A ) R A s g M 300 - K 5 A Al A3
THRA TSRO P BRI R K A3 e O AR I DG A XA B T IE A BRAR O A A AR AR i L
i, A B FHER LD A AR S 1L

FIHI, O6 T 58 K b RO A A B AR S B sy B R ™, 30K Bl 5 R <AL RAAES
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100%3Z 852 90% i FEH , EARMR AR S K AR P2 FEAR LR AE— D ACF L5 25 A x5 K
BT FE 60% , R F Kt Fil o S 5 A R A R TR AR, R Ll T AR, AW AN RETC IR
il M SRR UK 3, RV ATREAF A — N KK 7 BIEL, SR R T AR IR AT 58 oK B EE AN T2, 54X
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MR 7RI 2B SRS R ot GRS S ORI R R 488 B TR M A & 7K B R 7 AR AR i DL
HOK 3 AR MR el G AR B2 MRRFAE , SR i 7K 0 2 A A A G5 1 FH A i SR S e Rk, DAY
PRk o3 506 E VR RTRI 13K 73 56 2R i BRAR , o HER DL & VR HIER AR

1, MRS %

1.1 REeA R

AR LU F KB 958 AT KL, T 2014 4F 6—10 H 76 o 4 5 9 AR 245 5 40l < 4k 36 o
(39°08'N, 115°40"E) FF &, 1% X Jm T B i iy KRl P 2 RV, 224013 Tl O 12.2°C, AFF By K dik 528
mm , 435 H BRI AL 2264 b2 RIS /MRS, A/ NXEFY 8 m*(2 mx4 m) & /NXZIEH 3 m
DRI BE TP B3, oA KA BB R A, RARRT RS R I R TR 52 0, A% B ] 0, FRiE K AR KT A G B
LHEONVPIE L, 050 em X REEAE N 1.2 g/em’, P2 H E] K 5O 22.1%, 22K 0.98 o/kg, A2
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1.02 g/kg, 481 17.26 g/kg,pH H M 8.191
1.2 Rt

2014 4E 6 A 24 HFERD /NX EKATHE 50 em, #REE 25 em, B4/NX 64 Bk, #EF 5 18 MERE R — 4% 300 kg/
hm? , /X 240 g, RISy 6 AbHE B0 RE 3 DS 2R 18 MRIG/N X, FEATINE &/ X 4k
g, AT HERE , A /NX R —F,0—50 em 1) HIEARXTIR BE 34 R 50% ; 5 Fh 28 = it 010 (6] 2% /N X 2 2 2 e
B, (AR AR K 2038 B S (=) 77 H 2 BT 6 A /KF- A0 2 RE L, E IR o vy /DN 0S4 O b X
1981—2010 4% 7 H # 30 4F-F-EIK I 7% (W1) 20% (W2) 40% (W3) .60% (W4) .80% (W5 ) FI 10096 (W6)
HEAT—UPERE K AL B (R 1), ZJG A TFHERE , 25 A0 RS 5 & A T 5 LIARADAS [] 5 B 5 1R B2 I 7] -+ 387K 40 i aa
XPE F KRR

F1 FARTEKIEELEHERE

Table 1 Irrigation amount of six watering treatments in the manipulation experiment

AbF Treatments w1 w2 w3 W4 W5 w6
TEWE = Trrigation amount/mm 10 30 60 90 120 150
i 7 Ay K E 43 L Percentage of precipitation in July /% 7 20 40 60 80 100

1981—2010 4 7 A 1) 30 4E-F-2REK I 7% (W1) (20% (W2) 40% (W3) .60% (W4) 80% (WS5) Fl 100% (W6)

1.3 WENES T
1.3.1 +EEEKE
K ML TFR B 5E th 8RS EIA9 0—50 em & 10 cm — 2Ly 2 EESKE 6, i HiEE RS
K5 R 7K 2 1Y FOAELK H - SEAR X B2 RSWC (%)%
m2 - m3

0, = % 100%

ms; —m,

0,
RSWC'= — x 100%

K, 0, W EEFEEHKE(g/g); m ABEE (), m, MEEMELEEE (), m, WAREMTEEE(g);
Fe HEFKE(%) .
1.3.2 MR R

FIFIZEE LI-COR 2\ Al A Li- 6400 AUEHE RO RG/HrNE . 5T R W] R K5 FOG G A 30
SR B R OK A PR PR R B AR S R T A R G A R S AT A% A B i il R
K R oA R EHEN 1500 wmol m™ s™' HF IR B AT, R L 6B S A RS E O RS K, R AE 31—
33°C fidq, COLHE 380 WI/L Zidy , KASAAXHIRIE A 50% oA, RPN 2, B2 e N 1500 pmol m ™2 s™"
WA 300 wmol /s, T 9:00—12.00 HEATWM , AEAS/INXBEH 1 R FORARERE AR I — R 58 & T
e AR B BEOE AR P, (wmol m™ s7h) | DARIEIURE I 7 XA ARG A M RE AR etk
1.3.3 i EKE

BT B AR AR S SHOWIN J5 T, BT i A 5 5 G W A [R]— i 7, 2 BRI 5 08
VY ™ AR A B IARIC, FREUEE I, PR AR 105°C 8T 1 h, 78 80°C FHL T Z= e &, AR &,
PLSREU B REA ) 7K i

-yt F -t T

A &K E(LWC) = iR x100%

1.4 WLmEs e
2014 457 H 2 B THEJE 1 WK EBRAL B AL PRES 1 K SeR0G BRA, XF IR T bR B4 T 52 | I 52
Fsp ) WLER 2,
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Table 2 Observation time and corresponding growth stage

S Fsf 1] AF W A ] pURIULiS 18] HEHH b PR [H]

Observation time Growth stages Processing time/d Observation time Growth stages Processing time/d
7HI11H =i 10 8H7H L3k 37
7HI18H = —L 4 17 8 H20H T — il e 50
7H31H L 3T ) 30

1.5 M AR R ATE

R B 7K A AIECR FH K BR 7 2 ( Michaelis-Menten Equation ) U A KR S R R Y
KERARRAT

y=ax/(b+x)

K,y AR S KD« o RIEARRREE a b R E AL,

— 8K Lineweaver-Burk XUSIEEEI 8T, 1/y=(b+x) /ax=b/a + 1/x+1/a,ic Y=1/y,X=1/x, 0] Y=
b/a « X+1/a, WAEHALNMC R SRR SFANXHR L A 100% 0 #9157k B
1.6 Kdaib it

RIGEE K FH Microsoft Excel 2013 BAFRL B | LISEII(H + AR METR R, I SigmaPlot 12.5 B4 E47 #h £k
WA G TR R E T AL

2 EREHH

2.1 FREAL RIS EM K5 W AR AR

WF5E 2 Tk 85% 22 47 AR T A 7R 40 em DL E20 0 Al AHFSE FE WM 0—40 em + 209+
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TG AT B K, T 7 AL H R3OK 30056 2 B, 440 B 4 A X A A B 22 5, iR 3
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Fig.1 Dynamics of relative soil water content and leaf water content of summer maize
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2.2 MK BRI R
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A, 5 AN BEAE AR B3 22 5%, T LA R B K A il i it e 5 7K i AR A se i iy, HUA TR 31— T 5
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Fig.2  The relationship between leaf water content and relative soil water content at different watering treatments and different

observation times
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W

FEATRIGHE R, ORI 5 7K 2 B = AR X I B B4 3 S 10 2 B KABL S PR AR, P 22 [H)
EEMBME R, B R S oK E D R e KRR RE T, A A BERE A it ok oy BFR (1B 3)
FRE K [ FE K Lineweaver-Burk XUEIE/E EIVEHT, 15 ¥V = 0.01545X + 0.0102, Y Ak & 7K s S5, X R
T IEARHR A EEC(E 3) o AREIIE R, 2 AR R 100% , B X =0.01 B A SRERM R &K
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Fig.3 The relationship between leaf water content and relative soil water content and the double reciprocal Lineweaver-Burk plot

throughout the trial period
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Fig.4 The relationship between P, and LWC at different watering treatments and different observation times
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A BB TR TR A — i s W RS A PR R RS 3K 43 T 38 8 % RS (] R[] 753
B A Sk R H FE R, 7E 69.12%—73.05% 35 BN . SE3T 5, 24 &k & R R E] 70.30%
B, i O G R E R oK oy T R RS

£3 TRBMETETARNKGLEBEHM R ELGEE(y) SHFEKE(x) WA HE

Table 3 Fitting equations of P, (y) and LWC (x) of six watering treatments at different observation times

S Fsf ] A I " P, HEM M FF K/ %
Observation time Fitting equations R LWC when P, reduces to zero

7H11H y=-0.549442+ 92.051x-3826.3 0.8456 76.45

7HI18H y==1.2129x2+190.13x-7416.6 0.9944 *** 73.05

7H31H y=-0.3888x2+61.272x — 2384.6 0.9424 * 70.10

8H7H y=-0.9183x2+137.03x-5093.9 0.9379 " 70:18

8 H20H y=12.606x—899.63 0.3283 71.37

w ook ok o SPIERR T AL 1Y [ E AR AL T 0.005,0.01,0.05 K- A i PR 5

*x4 TEAHEREIBASLET A 11 H—8 A 20 AWM A EXEEE(y) EMHFSKE(x) HINEHE
Table 4 Fitting equations of P, (y) and LWC (x) from July 11" to August 20" at different watering treatments of single and overall level

b WA " P, HER P R &K R/ %
Treatments Fitting equations LWC when P, reduces to zero

Wi y=-0.3165x>+48.553x~1843.7 0.8752 69.12

w2 y=-0.4488x>+70.76x-2759 0.9756* 70.66

w3 y=-0.4263x>+68.215x-2692.6 0.9491 % 70.76

w4 y=-0.3583x2+ 58.101x-2319.1 0.9621* 71.02

W5 y=-0.4586x>+73.584x-2917.6 0.9898 ** 71.58

W6 y=-0.2211x>+35.886x-1424.6 0.8050 69.19

SFRAEHL Al treatments  y=—0.2774x%+44.905x—1785.9 0.8034 *** 70.30

s x| x| w SRR BT EE ST A9 1A 5 AR AT T 0,005 ,0.0150.05 7K {2 5 PEAG 56

3 e

TEVPE A AVEIZ B Z ORI 52 | Foley S50 Xt i RUBE ¥ e & R B AL R 45 11 T €3 . C4
R P e G A G HESR BE MR] CO, e 3 -5 I B2 P ey I R T K 7 5 T I e 01 R Y
FIE T dREE R R Z — o B AT TOLE R RIS K 23 A DA IE F2 28 2 R ek, Xt
MRAE ST T AR HIX A/ N A2 ol B VR TR AL ) R B 1T IE pR AR, B AR BRSO AR IR B IR 1
SR RRONT 45 1 B Tl 3K At 1R R R 3 R R K 4 K S O R A, B Y SR T RO
B K AR T TR ECR A R RO ZR P pR B R R R K B TEDE A B, BT 5 — B R )
B I PR, ARG ] | HHE K o3 AR 5 R 5 DR ZE N S 0 A KR AL S T R B AR B
G AR TFAR BE UL 32 B — B0 TE R AR K 23 B I by T AR AR A [ 45 B0 7K 53 8 SRR A
[l SPE A B B S KR —E, AR DS AR, ORI A BRI R e G R, R, ARFTER
SBE TR S WA S0 52 SRR A0 I R K R P A R I Kk AR A B X O A A B
M

A il R S A — RB A BIAR AL, 1 ST A S AR B B S K A LR R, SRS RO A VR ITAE R R
BRI Z B0, BEE PR AR, M R IESE @A, & B Y i 7 i g R K
Sy E R R K BT R, R LA AR R K R S AT SIS N e e K ]
DAHRAgE R R b A e VR RITG ( de /Nt J 8K, BIESE 4 e a1 T 19K o0 SR T O 1%
LURHY  ARBFSER R WK S FER A R A B DI RE 2 2 TT I, A M oK A3 ks T AR5 40 MR 25 07 3% K 4
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ARETFIAM FOCAIEM, M 0GR A RER T8, A A 6B 7 W nE A s . (RIS, A i A 2
WFFE L SR o i ae % I3 - e Y 5 7K RS8R B, K 3 0 58 10 RAGERIE  Hh 8+ SEAL B I 35 K o
SR REAR L TC B 25 5, BV 8 e L K 0 I, i K e Ik B A A HL 32 K AR N AR R
AT EGE 13K G X /AINAE W KA S A I AR S K R AR S RS K R R AR R A
5 RS K S AR AR B XA R AT —E 25 . ATREM T R HOK BRI/ AP G R
B2F PRGN R SRR A, AOTTE SR B E T 35t B ORI 5 I Bl SR 1 B2 A 4
T B s PR AN S KRR TN . IR, MR ARG A BRI R K o3 B {E R AR
KR XTI RO E A K R i AL B AER I ST A RE RS 5 LA R AT A AL R
AEETFL,

G A R ALK 43 RLBE SEIRBE A 5 ), 32 B i 2SR 5 b0 e i b
PR AR ARG LA KT R R G I TSR AR — A JR I i e L PRSP K (e
PO IR R R St R Jg A . AWFFEAR IR EE K o a0 B ORI ROt SRR R A T 5 R
SO i A T IR SE I o PR T 52 30, RO 249 00 I TOU 28 — ook, b B TRTATS #7087 30 22 s [RI
1500 wmol m™ s~ SR B AR IR 5 1 PR T 52 5 7 AL | 24 BB SE M R o' & R r R
L, iE— 2P S D& S B MR I, ARR AT 25 U SR RY & B, 42 ) €O, W E | B2 25 R 55 1A
5 B E BRI A SR E5R |, JF I AN R AR 30T R R 06 5 8 R X S KR AR RIS, 2 A A
GIESN= G W N WS, el (EVAE Y K S VO e i AR /et PR 1 7

4 #ig

A TR EEE R R SRS R AN, R TR R i R el A s ] R B4 i R K o S e | 7k
S B (T BEAS— 3, (H G I 7K i 0 A 4 — BOAY X O JF SR AV E Y T R G AR bR e $R it S %
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