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Responses of leaf stomatal traits to nitrogen and water
and their relationship with leaf gas exchange in corn

YUAN Jialiang', CAI Minglei ', LI Yangyang *
(1. College of Forestry, Northwest A & F University, Yangling, Shaanxi 712100, China;
2. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and
Water Conservation, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract; A pot experiment with two-factor and three-level complete random design was used to study the re-
sponses of stomatal traits [ stomatal density, length, width, area, stomatal SPI index (SPI) and theoretical maxi-
mum stomatal conductance (g,,,. ) ] to nitrogen and water and their relationship with photosynthetic gas exchange in
corn leaves to elucidate the structural basis of leaf gas exchange under different nitrogen and water availabilities.
The results indicated that; (1) N application increased stomatal density, length, width, area, SPI and g, on the
adaxial surface, and the increase percentage for ample N use treatment (N2) was 6.6%, 12.5%, 10.0%, 12.3%,
35.9% and 31.6%, respectively. N application also enhanced stomatal density, stomatal length, SPI and g .. on
the abaxial surface, and the increased percentage for N2 treatment was 14.4% , 4.7% , 25.5% and 20.9% , respec-
tively. Irrigation significantly decreased stomatal density on the abaxial side with a 6.9% decrease for ample irriga-
tion treatments ( W2 ). Irrigation also increased stomatal length and area on both surfaces, with 5.3% and 4.1% in-
crease of stomatal length and 7.2% and 7.1% increase of stomatal area on the adaxial and abaxial surfaces for W2

treatment. The influence of N use on stomatal traits was larger than irrigation. (2) No trade off relationship between
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stomatal size ( stomatal length, width or area) and stomatal density was found for both leaf surfaces. (3) Photosyn-

thetic rate and stomatal were mainly determined by stomatal size and SPI. g explained 49.7% of photosynthetic

rate variance and 39.7% of stomatal conductance variance. Transpiration rate was mainly determined by stomatal

size on both sides, and instantaneous water use efficiency was mainly determined by adaxial stomatal density, stom-

atal size and SPI on both sides. These results demonstrated the physiological basis of N and water availabilities af-

fecting leaf gas exchange from the angle of stomatal anatomy.

Keywords: corn; stomatal traits; nitrogen; water; photosynthetic gas exchange
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Table I ANOVA of nitrogen and water on the adaxial and abaxial stomatal traits in corn leaves

] ES SALHE/ (A - mm™) ALK AALTE AL RS FE g
- Stomatal density Stomatal length Stomatal width ~Stomatal area SPI/%  Max. stomatal conductance
Surface Factor 5 ) ) |
/(number « mm™*) /pm /pm /pm /(mol * m™2-s")
= -
ZJE Nitrogen(N) * ok ok * % - * % * w % % -
AJ:?‘:ZEI IK4r Water( W) ns ® % ns ® % ns ns
daxd FALXIK S NxW ns ns ns ns ns ns
& Nitrogen (N) ok 4 ns ns * ok k * % %
;\Fb%:zﬁjl K5 Water (W) Kok ns * ns ns
axia RUIEXIK S NXW * K ns ns ns ns ns

£ Note: ns, P>0.05; =, P<0.05; * % P<0.01; * % % P<0.001. ] The same below.



158 T2 XA A5 540 %

120 1207 52 N aA
aA aA aA oA
bA T2 3 = L
bA g 100 i_'\:A =5 aB
5 23 bB )
aB s 80 Y5 a4t ‘bB/.'_"’_.
s aB =3
bB < aB B = 2
bB E Q—o\ao rs
& 60F @ 40F
40 1 40 36 . a
NO Nl N2 W0 Wil w2 NO N1 N2
ZUIEKF N levels JK 43 4k B Water treatment HIE K N levels
52 5 st
aA 8.5 aA 8.5 aA
= bA bA aA = sof aA aA
=% 48t aA g5
EY § aB By B
23 bB == 15F
SE aaf o8 B BE
e =
rs rg 7.0f aB aB
7 bB 2 aB
40}
bB 65f
16 . . ; 6.0 . . 60 . :
wo Wi w2 NO N1 N2 wo Wil w2
JK 43 4b B Water treatment UK SE N levels JK 43 4k FE Water treatment
5007 500 aA 2r aA
aA aA bA
L 460 A . 460 bA : 201 bA
= <
g3 ® 18
== 4201 aB < 420 aB o cA
== abB s = 16k aB
=8 z bB bB 7]
;15 380 bB s 380f ! bB
= E
340} 340 Lk B
300 + * g 300 L L d 10 . .
NO N1 N2 wo Wi w2 NO N1 N2
ZE/KF N levels _ K 73 4k B Water treatment _ _ ALK F N levels
ot ~ 20 " ~ 20
bA 73 aA aA aA
320 aA aA aA oA © 516 ——
s .= i P —® ES
<o 18f T * -
o aB S sl.2p o—— 00— 0
= 0
EZ l6f bB =3 aB aB aB
&E B aB B HZos
-] L a or £
s 14 aB oS
2 1k rx 0.4F
<=
10 " n 1 1 J ::>é 0 1 n
WO AVA! w2 NO N1 N2 wo W1 w2
7K 43 4k B Water treatment SUIE K SF N levels 7K 43 4k Water treatment
—o— [ Adaxial —e— [ il Abaxial
ARV NG FRFOR AR A BOK AR 25 5 838 (P<0.05) A FIKR S FRRIR Rl —Z S0k A T N RIS FLREZ 1) 22 5 3
(P<0.05) .,

Note: Different lowercase letters indicate significantly difference among different N levels or water levels ( P<0.05). Different capital letters indi-

cate significant difference of stomatal traits between adaxial and abaxial sides under the same N or water levels (P<0.05).
1 ERMAE TRESSFERREASHEL

Fig.1 Changes of adaxial and abaxial stomatal traits with nitrogen and water use in corn leaves
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Table 2 Pearson correlation coefficients of adaxial and abaxial stomatal traits in corn leaves

1] ALK ALK SALE AL Spl wRAAL T
Leaf surface Stomatal trait Stomatal length Stomatal width Stomatal area Zomax
SILEE Stomatal density 0.229 0.628 0.344 0.810" * 0.938" "
) S FLK Stomatal length 0.713* 0.970* * 0.754* 0.520
Aldfcﬁ S fL5E Stomatal width 0.847%* 0.872%* 0.847° *
SFLTE Stomatal area 0.819"* 0.637
SPI 0.949 " *
S LB Stomatal density -0.030 0.452 -0.170 0.776 * 0.938 " *
S LK Stomatal length 0.779 * 0.863* " 0.606 0.311
Ejixg S HfL5E Stomatal width 0.601 0.852* * 0.716*
SALTEFL Stomatal area 0.402 0.126
SPI 0.943* *

# Note: * P<0.05, * * P<0.01. [, The same below.
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Table 3 ANOVA of nitrogen and water on leaf gas exchange parameters in corn leaves
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Fig.2 Changes of leaf gas exchange parameters in corn with different N and water use
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Table 4 Pearson correlation coefficients between measured gas exchange parameters and

adaxial and abaxial stomatal traits in corn leaves

SRS SHL 3R H AL ALK AALSE AL SpI R
Gas exchange parameter Leaf surface  Stomatal density Stomatal length ~ Stomatal width ~ Stomatal area &max
P 3 Adaxial 0.550 0.843* " 0.789 " 0.854* " 0.887* " 0.750
! T #fi Abaxial 0.346 0.823* " 0.915** 0.736" 0.799 * * 0.615
P M Adaxial 0.460 0.845" " 0.778* 0.847* " 0.835* " 0.680 "
’ T30 Abaxial 0.272 0.791" 0.859" " 0.750* 0.725 0.536
T i Adaxial 0.254 0.744" 0.424 0.665 0.618 0.417
' T Abaxial 0.058 0.798" * 0.712" 0.848 " * 0.544 0.318
WUE 31 Adaxial 0.789 " 0.650 0.939" " 0.762" 0.939** 0.936" "
' T Abaxial 0.653 0.564 0.857** 0.346 0.889" 0.831**
251 y=8.906x—10.831 051
S ot S y=0.158x—0.178
~ R'=0.497, P<0.05 —~ 3 R'=0397, P<0.67
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Fig.3 Relationship between measured photosynthetic rate, stomatal conductance and theoretical g in corn leaves
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