FEDE F 5 AR R 2020, 26(9): 1636-1646 doi: 10.11674/zwyf.20086
Journal of Plant Nutrition and Fertilizers http://www.plantnutrifert.org

/N TEC I T BRIt 7K RN P B B e 5
7K 1 A BT BRI K R

B, BREAR, BAkp
(1 PHALB MBI I bk, BRPTAZERE 712100; 2 PEALRMBHE e ARl eg2g e, Bepitges 712100;
3 B+ R IR S SRR [ 5 R S S0 = TG AL AR KoK AR SR T, BEVEAAEE 712100 )

HBE: [ BE ] HEEEM B R AR XL S A I BE M C R, MFIRAFA. KARE T /NEMN KRS
BT S AR AL R S AR BT RE R R R, W T R AR A RE N A EEME. [ FE] RA=HEES
FEHURI BT 28GR0, 5 2 A5 A S AR 101 FIR A S 585 2 NREIBAL K. At
AAIKHE N 0.15 g/kg T 45 3 AR BKT 0TI S K E 5 BIREE B RKEN 70%~75% .
50%~55%. 30%~35%, JEAERE 3 JH . T EME T /N KRR AR [ KT (VLA . 40k
(VLA o)« WPBKEERE (VLA) FIIIKAT & LB (PrO i) I K FI AR BRI RES B[ IK 1 B (Ko) » HOGA R
). AR (g). ZEBHEE (E) KBRS FIHZCE AWUE),  [45R ] K2 5819 VLA, VLA, ...
VLA Fl Pro,,, i T 8% 101, BEEF IS8 0, PiAfFNE) VLA, SH BRI, 2 101 /)
VLA o 71 VLA ZRAE AT, T 58 HY VLA . 71 VLA BIFEAE, A/ %nuﬁﬂﬁ’] VLA o 71 VLA X5 EAEFI7K
SRR SR . 7E 4 DI BRES 5 MR BRIIREMAHDCOC R T, FRZEZ 101 5 k3| 3 (P <0.05) 5
W2 (0.05<P<0.1), Bl VLA, 5 Kerr g 2HAHR, Proy. 5 K g X ERIEFIG; K 58F 14 43k
P W EXEEE, B VLA VLA, fl VLA ¥5 K. P, fl g, 2FHE, VLA,,. 5 IWUE 2%,
VLA, fl VLA 5 E 2 HAHK, Proy,., 5 P, EZ2HAMHKG, [FH] P 58 i HRAE X K 2L 2
U T, FLOE BKRRAE A 2R BRI RE AR R O R KA AR ZZE 101 oK T A R BERE 4 KT o5
FeAIRE G, T SR S AR S8 WK A BT AR AZ I Ik BE RN AH KT o LA BRI 2, X R ITAR [R
I JR A T o5 B8] 8 PR A e 7K s e K Ty D BB T — S BB, TR TR A B AR AR S AR 1%
JEE X R 2K ) A BRI RE A R TR

KRR /NEE s MPIKRRE; AU K4 KA BETIRR

Responses of flag-leaf vein traits to nitrogen and water supplies and their
correlations with leaf hydraulic-physiological function in wheat
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Abstract: [ Objectives ] Leaf vein traits affect leaf physiological function. We studied the plastic response of
the leaf vein traits to different nitrogen and water supplies, and analyzed their correlation with leaf physiological
function for demonstrating plant adaptation to different habitats. [ Methods ] A pot experiment with a three-
factor complete random design was conducted. The two wheat cultivars were drought-sensitive Zhengmai 101
and drought-tolerant Changhan 58; the two nitrogen fertilizer levels were 0 and N 0.15 g/kg dry soil before
sowing; the three water supplying levels were 70%—75%, 50%—55% and 30%-35% of field capacity at the
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jointing stage, respectively. After the water treatments were maintained for about 3 weeks, the flag-leaf vein
traits [major-vein density (VLA,,,,), minor-vein density (VLA,,,.), vein density (VLA) and proportion of minor-
vein density (Pro,,)], and the leaf hydraulic-physiological function indices [leaf hydraulic conductance (K,), net
photosynthetic rate (P,), stomatal conductance (g,), transpiration rate (£) and instantaneous water use efficiency
(IWUE) ] were measured. [ Results ] Drought-tolerant cultivar Changhan 58 had higher VLA, VLA, 0y VLA
and Pro,,,, than drought-sensitive cultivar Zhengmai 101. For Zhengmai 101, VLA, decreased, VLA, and
VLA kept unchanged with the increased nitrogen and water supplies, whereas for Changhan 58, VLA, ., VLA e
and VLA all decreased with the increased nitrogen and water supplies. VLA ;... and VLA of two wheat cultivars
showed different responses to N and water supplies. In the twenty correlations between leaf vein traits and leaf
hydro-physiological function parameters, five ones of Zhengmai 101 reached significant (P < 0.05) or nearly
significant levels (0.05 < P <0.1), VLA, was negatively correlated with K., and g, and Pro,,,, was positively
correlated with K,,;, g, and E. And for Changhan 58, 14 correlations were significant or nearly significant,
VLA, oo VLA, and VLA were all negatively correlated with K,,;, P, and g,, VLA,,,.. were negatively correlated
with IWUE, VLA, ... and VLA were negatively correlated with E, and Pro,,;,,, was negatively correlated with P,
and E. [ Conclusions ] Leaf vein traits of drought-tolerant wheat cultivar are sensitive to nitrogen and water
supplies, and more closely correlated with leaf hydraulic-physiological functions. Leaf hydraulic-physiological
functions will be increased with the higher proportion of minor-vein length in drought-sensitive cultivar, while
they will be constrained by vein density and proportion of minor-vein length in drought-tolerant cultivar,
suggesting that drought-sensitive cultivar increase its leaf hydraulic-physiological function through optimization
of vein length of different types of veins, and the drought-tolerant wheat cultivar through enlarged conduit
diameter and extra-xylary hydraulic conductance.
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Table 1 F values of three-way ANOVA for plant growth, water use, flag-leaf traits, leaf hydraulic-physiological functions
and vein traits of wheat

S| i (C) HWN) K5 (W) R x 4 < K HoxoK R x A x K
Item Cultivar Nitrogen Water CxN CxW NxW CxNxW
FEARAE K T FE/K Plant growth and water use
W5 Height (cm) 279.89" 3567 338.97" 17.11 1.14 10.32" 3.178%
T4 ¥4k Biomass (g/plant) 93.85" 876.93" 129.60" 37.55" 5.33* 106.62*" 2.90¢
Fesk it Water use (kg/pot) 7775 49775 390.78"* 2775 1027 85.90" 7.54
WUE,, (g/kg) 36.02" 504.90" 3.84° 6.52 7.38% 22.63" 4.89"
JEH-HEIR Flag leaf traits
A LA (em?) 6.25" 52.98"" 37.54" 575" 9.61"" 5.18" 2.16
et R LMA (g/m?) 0.07 15.62 2.16 417 0.68 1.28 0.78
HKH ¥ (MPa) 49,66 11.75" 5.83" 6.59" 2,77 0.88 0.73
At Ny (g/m?) 15.92" 112.38" 2.55# 2.51 0.11 3.40° 0.64
JEEnt K 14 BEIHE Flag leaf hydraulic-physiological functions

MK K 0.52 27.26™ 9.07" 0.67 0.57 3.10* 0.86
[mmol/ (m?-s-MPa)]

LA P, [umol/(m?+s)] 2.10 94.56™" 25.58" 1.09 0.167 1.18 222
SILFE g, [mol/(m?-s)] 3.09% 41717 29.57* 557 0.88 2.65% 125
ZENEEAR E [mmol/(m?-s)] 3.44% 34,85 8.53* 2.56 2.36 0.13 1.03
IWUE (pmol/mmol) 9.92" 0.71 1.73 5.13" 5.24" 137 0.75

T JKARAE Flag leaf vein traits

Tk VLA, (mm/mm?) 22.68" 3.45% 5.00" 0.01 0.04 1.85 0.48
UK VLA, 0 (mm/mm?) 300.94"" 11.51* 547" 16.33" 9.62"" 0.36 0.23
k4% VLA (mm/mm?) 334,96 15.20" 7.98* 15.08* 9.34" 0.89 0.06
HAIKIIT 5 AT Pro e (%) 34.82"" 0.01 1.85 4.26 247* 0.79 0.75

¥ (Note) : WUE,,—3&#k/K 7 FI AR Water use efficiency based on whole-plant level; IWUE—M- BT 7K 43 HI%% Leaf instantaneous
water use efficiency (P/E). #—0.05 <P <0.1; *—P <0.05; **—P < 0.01; ***—P < 0.001.
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Fig. 1 Plant growth and water use of two wheat cultivars under different nitrogen and water supplying treatments
[{E (Note) : #u¥s M FH4{H + FrufEIR Data are mean + SE (n = 12 and 8 for nitrogen and water treatments, respectively); EHAE/NE FHE3E
ANVAEIRIRIZE S B3 (P < 0.05), ns FUREZIg Bl < REMF < KAMBICEAERIYZ R BEM, Cx N Cx W aHlLRMA-S N S5
JKATAEBRE] 2 HAEH . Different lowercase letters in the figures indicate significantly different among treatments (P < 0.05); ns and asterisks
indicate significance of interaction of cultivar x nitrogen or cultivar x water, C x N or C x W represent interactions between cultivar and N or

cultivar and water. ns—P > 0.05; **—P <0.01; ***—P<0.001.]
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Fig. 2 Flag leaf traits and physiological function of two wheat cultivars under different
nitrogen fertilizer and water treatments

[1F (Note) : H¥E N TF-H4{H + #51fEIR Data are mean + SE (n = 12 and 8 for N and water treatments, respectively). &l H AR [E] /NG 1R AL B
)22 5 35 (P < 0.05), ns ARSI @Ah < BB AP < K E S HAR 2253 REVE, Cx N3 Cx W 2HIARMFS N 8fFl 5K 4k
B[] Y22 5/ Different lowercase letters in the figures indicate significantly difference among treatments (P < 0.05), ns and asterisks indicate the
significance of the interaction of cultivar x nitrogen or cultivar x water, C x N or C X W represent interactions between cultivar and N or cultivar
and water. ns—P > 0.05; #—0.05<P<0.1; *—P<0.05; ***—P<0.001.]
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2 FAANNERIBKEHE S EKE Y Pearson HHX RH
Table 2 Pearson correlation coefficients of two wheat cultivars between leaf vein characteristics and leaf traits under
different nitrogen and water treatments

IR FB4 101 Zhengmai 101 {2 58 Changhan 58
Leaf traits VLA o VLA, ior VLA Pro, e VLA, VLA inor VLA Proe
A LA —0.906" 0.374 -0.406 0.889" -0.951" -0.938" —0.960"" -0.638
LEr i LMA -0.357 0.078 -0.225 0.332 —0.595 —0.624 —0.634 —0.461
K P -0.690 0.573 -0.039 0.756" -0.592 —0.461 —0.487 -0.199
MR EET N —0.642 0.512 —0.056 0.702 —0.680 —0.770* —0.776* —0.612

# (Note) : VLA,,,—FENK#E Major-vein density; VLA,,,..,— ik & Minor-vein density; VLA— )k & Total vein density (mm/mm?);
Pro,— 2K 5 ik %% B2 Y 43 LE Percentage of minor vein density in total vein density (%), n = 6, #0.05 < P <0.1; *—P < 0.05; **—P <

0.01.

427 mm/mm’, 5.28 mm/mm>, 80.87%) = T /K Hb i A
A 101 (43518 0.90 mm/mm?®, 3.17 mm/mm?, 4.07
mm/mm?®, 77.94%), H DLk s e B (G5
31.2%) fe o X5 HETRZEH5 - A 11 5
AR B T AR A v R TR B i kR

JESEIN T BRBEGE AT, AE RIS A T K o Ak
FRIEIE , DA S /N A 5 58 ] A MR BT A A1 5
TR URERAE RUE S AR ES, Hk, TRAR
HhrE i K S A e e S R R B PR BE A
21, EMHLVREdEdni, T AR AR ks
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Table 3 Correlation coefficients between leaf vein traits and leaf hydraulic conductance, gas exchange parameters
in two wheat cultivars
fn Al I BRARFAE KITRE doteER  SILSE EMEE WA K 43 FH 2R

Cultivar Vein traits K P, g E IWUE
#5101 Zhengmai 101 FWKEE VLA, 0 -0.878" -0.602 -0.865°  —0.717 0.661
HUNKEE E VLA 0.291 0.428 0.485 0.443 -0.221
Bk VLA —0.460 -0.102 -0.268 -0.183 0.345
YUK 5 AT Proyue 0.841" 0.645 0.886" 0.748" —0.636

B 58 Changehan 58 TR E VLA, —0.833" —0.854" -0.757*  -0.651 -0.937"
YUK VLA e —0.844 " -0.971* —0.787* -0.942" -0.605
ik B2 VLA —0.860 * -0.978" —0.801% -0.928" —0.658
UK 7 HEAT) Proj. —0.589 -0.769* -0.556 -0.895 -0.145

7 (Note) : #—0.05<P<0.1; *—P<0.05; **—P<0.01.
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