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Responses of flag-leaf vein traits to nitrogen and water supplies and their
correlations with leaf hydraulic-physiological function in wheat

XU Hui-min', SHAO Jing-xia’, LI Yang-yang’*
( 1 College of Forestry, Northwest A&F University, Yangling, Shaanxi 712100, China; 2 College of Life Sciences, Northwest A&F
University, Yangling, Shaanxi 712100, China,; 3 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: [ 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

YFsEER: 2020-02-01 EZHE: 2020-07-24
HEE&WMB: “+=h7 BERECEITIRE (2015BAD22B01) |
BEAX: BEH E-mail: 2466959600@qq.com ; * iB{5VEH Z5RB E-mail: yyli@ms.iswc.ac.cn



9 4 TR A5 /AT I RARRAE XS K A IO i 167 K2 5 oK A PR BE A 56 2R 1637

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 .0, 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 ;...
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, ... VLA, and VLA were all negatively correlated with X, 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.

Key words: wheat; leaf vein traits; nitrogen fertilizer; water; leaf hydraulic-physiological function
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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

TiH A (C) A N) K53 (W) a5 < K A <K < A <K
Item Cultivar Nitrogen Water CxN CxW NxW CxNxW
FEMRA: K L FEK Plant growth and water use
Bk Height (cm) 279.89"* 35.67" 338.97" 17.11 1.14 10.32" 3.178%
T Hy i Biomass (g/plant) 93.85 876.93 129.60™" 37.55™ 533" 106.62" 2.90%
Fesk i 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"
JEHHR Flag leaf traits
AL LA (cm?) 6.25" 52,98 37.54™ 5.75" 9.61" 5.18" 2.16
Heoi iR LMA (g/m?) 0.07 15.62" 2.16 417 0.68 1.28 0.78
K V. (MPa) 49.66™ 11.75% 5.83" 6.59" 2,77 0.88 0.73
AEH N, (g/m?) 15.92" 112.38° 2.55# 2.51 0.11 3.40° 0.64
7K F1 42 FRIJIHE Flag leaf hydraulic-physiological functions

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

A A P, [umol/(m?-s)] 2.10 94.56™ 25.58"" 1.09 0.167 1.18 222
LT g [mol/(m?ss)] 3.09% 4171 29.57" 5.57" 0.88 2.65% 1.25
ZENE R E [mmol/(m?+s)] 3.44% 34.85* 8.53" 2.56 2.36 0.13 1.03
IWUE (umol/mmol) 9.92* 0.71 1.73 513" 5.24" 1.37 0.75

M JKARAE Flag leaf vein traits

FWKFE VLA, (mm/mm?) 22.68" 3.45% 5.00° 0.01 0.04 1.85 0.48
YK B VLA, (mm/mm?) 300.94"* 11.517 5.47* 16.33*** 9.62" 0.36 0.23
Pk RE VLA (mm/mm?) 334.96™" 15.20"" 7.98" 15.08" 9.34™ 0.89 0.06
HHITKIIT 5 LA Pro e (%) 34.82" 0.01 1.85 4.26" 2.47* 0.79 0.75

# (Note) : WUE,,—3&#k /K FI AR Water use efficiency based on whole-plant level; IWUE—M- I K43 %K Leaf instantaneous
water use efficiency (P/E). #—0.05 <P <0.1; *—P <0.05; **—P < 0.01; ***—pP < 0.001.
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Fig. 1 Plant growth and water use of two wheat cultivars under different nitrogen and water supplying treatments
[ (Note) : #¥& VM + FrifEIR Data are mean + SE (n = 12 and 8 for nitrogen and water treatments, respectively); EFFAE/NG FHER
IRAL BRI 225 3 (P < 0.05), ns RSN MFP < FEFD < AKIPRIZZEAE MM 2R RENE, Cx N Cx W AR ARMFS N 8 Fh5
KA AL BRI 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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P <0.1); HIKAT A7 Lo 5 78 1 8 5l 2 60 A oG
(P<0.05), SEOLE BN EL B (0.05<
P<0.1) (3% 3). 20 4t PKFFAE 5K J7 A BT gy
KRR T, HE 1014 5 4k 5] W uidin 3,
M 58 WA 14 43658 B E a8 (% 3), K
558 I KAERAE AN A BE ) BE A 156 R N B

3 e
31 NEVNESH K R 3 AR FI7K 4> B0 5L

INZE B SRR R 58 1 K L AR K R
Ik 2% B FA K T o Ee g (4351008 1.01 mm/mm?
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Fig. 2 Flag leaf traits and physiological function of two wheat cultivars under different
nitrogen fertilizer and water treatments

[ (Note) : HdiAFIM{H + i1 Data are mean + SE (n = 12 and 8 for N and water treatments, respectively). [EH R [E/NG F1E R R A HE
] 22 5 B3 (P <0.05), ns AURS R MAN < Rl fAl < K E 2 HAE I 2253 B, Cx N8 Cx W RIMRRMFS N 8if i 5K 5040
H[8] /)22 H.AE ] 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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Fig. 3 Flag leaf vein traits of two wheat cultivars under different nitrogen and water treatments
[[# (Note) : i N F-HMH + #5ifER Data are mean + SE (n = 12 and 8 for N and water treatments, respectively). Bl AN F/NG A4 R m A B
[ 22 5 B3 (P<0.05), ns MRS aFh < WEEF < K E AR 2R RBETE, Cx NEC x W 2RI ARMFIS N Bl 5Kk r4k
FH[E] ()22 H.AE FH Different lowercase letters in the figures indicate significantly difference among treatments (P < 0.05) , ns and asterisks indicate
significance of the interaction of cultivar x nitrogen or cultivar x water, C x N or C x W represent interaction between cultivar and N or cultivar
and water. ns— P> 0.05; #—0.05 <P <0.1; *—P<0.05; ***—P <0.001.]

*z 2 BNNERITEKIFESH MR BB Pearson 1% R
Table 2 Pearson correlation coefficients of two wheat cultivars between leaf vein characteristics and leaf traits under
different nitrogen and water treatments

HREEIN #B72 101 Zhengmai 101 -5 58 Changhan 58

Leaf traits VLA VLA, s VLA Pro, VLA er VLA or VLA Prosine
A LA —0.906" 0.374 -0.406 0.889" —-0.951" -0.938™ —0.960™" —0.638
e B LMA -0.357 0.078 —0.225 0.332 —0.595 —0.624 —0.634 —0.461
MR P —0.690 0.573 -0.039 0.756 -0.592 —0.461 —0.487 -0.199
MR EG N —0.642 0.512 —0.056 0.702 —0.680 —0.770* —0.776* —0.612

& (Note) : VLA, —FNk# & Major-vein density; VLA,,,— 4k % Minor-vein density; VLA— [k % Total vein density (mm/mm?);
Pro,o— 20 K2 BE o5 1 ik 2% 14 43 L Percentage of minor vein density in total vein density (%), n =6, #0.05 < P < 0.1; *—P < 0.05; **—P <
0.01.

4.27 mm/mm?, 528 mm/mm?*, 80.87%) i T/KMAF  EERTIN T AR T A, (HIE RS R AL T K AL A Ak
Bz 101 (439K 0.90 mm/mm?. 3.17 mm/mm?. 4.07 A IE, PR N R 58 ) AR R A S
mm/mm?., 77.94%), HUIAHIKE AR G5 T5 . GRERE R EG RS, Hik, T5485
31.2%) feim o X5 HETRZEHF A il T 5 R 3 K A R HE B SR TR A R RE A
A BT RE YA BRI B miERKE 2 RS RN, T oA Y i R iR kR
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Table 3 Correlation coefficients between leaf vein traits and leaf hydraulic conductance, gas exchange parameters
in two wheat cultivars
A - RARFAE HKIRE dotedR SILSE R WIS 7K 53 FH 28

Cultivar Vein traits Ko P, g E IWUE
H4Z 101 Zhengmai 101 FIKEE VLA 0 -0.878" ~0.602 -0.865*  -0.717 0.661
YUK BE VLA e 0.291 0.428 0.485 0.443 -0.221
Ik B VLA —0.460 -0.102 —0.268 -0.183 0.345
AT 5 FAT] PrO,er 0.841" 0.645 0.886" 0.748* —0.636

5% 58 Changehan 58 FHKEE VLA e -0.833" -0.854° —0.757*  —0.651 —-0.937"
YUK VLA e —0.844" -0.971* -0.787*  -0.942" —0.605
ik EE VLA —0.860 * -0.978" -0.801*  -0.928" —0.658
HHIKIIT 5 HAF] Projne -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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