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Evaluation of water use efficiency of seven walnut
rootstock seedlings based on functional traits
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Abstract: In order to select walnut rootstock with high water use efficiency ( WUE ), the long-term WUE
(WUE,) and the fourteen water use functional traits of 7 types of walnut rootstock under drought condition were
measured. Correlation relationship between WUE, and the functional traits were analyzed. Comprehensive evaluation
of the WUE of the 7 types of walnut rootstock were carried out using subordinate function coefficient analysis, prin-
cipal component analysis (PCA) , and cluster analysis. The results showed that there were significant interspecific
differences in WUE, among 7 types of walnut rootstock seedlings (P<0.001). Jizhuamian and Xiangling showed
higher WUE, which was 66.26 g + kg™ and 60.05 g - kg™', respectively. Manchurian walnut and Ma walnut had the
medium WUE, which was 52.67 g - kg™'and 47.78 g - kg™", respectively. Black walnut, Iron walnut, and Chinese
wingnut had lower WUE, which was 41.88, 37.38 g - kg™ 'and 32.85 g - kg™', respectively. WUE, was negatively
correlated with specific leaf area (SLA), and positively correlated with other 13 functional traits. The results from

subordinate function coefficient analysis showed that subordinate function values of Ma walnut, Iron walnut, Black
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walnut, Manchurian walnut, Chinese wingnut, Jizhuamian, and Xiangling were 0.479,0.217,0.170,0.502,0.167,
0.991, and 0.700, respectively, suggesting that WUE of the analyzed walnut rootstocks from highest to lowest were
Jizhuamian, Xiangling, Manchurian walnut, Ma walnut, Iron walnut, Black walnut, and Chinese wingnut. Three
functional traits of plant height, leaf chlorophyll content, and SLA were selectedas core evaluation indicators of
WUE based on the PCA results. Synthetic analysis indexes of Ma walnut, Iron walnut, Black walnut, Manchurian
walnut, Chinese wingnut, Jizhuamian, and Xiangling were —0.175,-3.197,-3.158, 1.041,-3.801, 5.875, and
3.414, respectively, suggesting that the WUE of the analyzed walnut rootstocks from PCA were in descending order
as Jizhuamian, Xiangling, Manchurian walnut, Ma walnut, Black walnut, Iron walnut, and Chinese wingnut. Clus-
ter analysis divided the studied species into three groups. The first group including Jizhuamian and Xiangling had
the higher WUE, and the better growth performance under drought condition. The second group included
Manchurian walnut, Ma walnut which were characterized by the moderate WUE, and growth performance under
drought condition. The third group consisting of Black walnut, Iron walnut, and Chinese wingnut had the lowest
WUE | and the worst growth performance under drought condition. The WUE evaluation results from the three evalua-
tion methods for the 7 kinds of walnut rootstock seedlings were the same and consistent with the growth and morpho-
logical performance of each rootstock seedlings at the end of the drought treatment.The results from this study pro-
vide an important reference for selecting walnut rootstock with high WUE.

Keywords: walnut rootstock ; water use efficiency; specific leaf area; drought; water use functional traits
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Table 1  Origins and principal characteristic description for the seven walnut rootstock species used in the study
i K44 F% Rootstock FEE FOoR TR Principal characteristics and origins
) A AR BRI, R T EIRRHSIBLE | A A P Ly i st AR A LI,
iRt It is a Chines i 1 las d bel land family and lans L Iti ly di
Ma walnat t is a Chinese native walnut germplasm resource and belongs to Juglandaceae family and Juglans L.genus. It is narrowly dis-

tributed in Northern China in the hilly, mid—elevation area between Hebei Province, Beijing, and Tianjin.
R A AR BTG B TR RI AR | 2 50 1 P R4 2 R A VG R g T R )1 A SR S R X

Bk Wi R R -2C , TEAL 7 L A R B4

Iron walnut

AR

Black walnut

FHEK

Manchurian walnut

Wi

Chinese wingnut

X6 A

Jizhuamian

T
Xiangling

It is a Chinese native walnut germplasm resource and belongs to Juglandaceae family and Juglans L.genus. It distributes
mainly in Yunnan Province, southeastern Tibet and southern Sichuan and other higher elevations in China. It could not over-
winter safely in the northern China.
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It originated in the United States, widely distributed in the eastern United States and southern Canada. It was widely used as
rootstock to promote walnut growth, productivity, and resistance to drought and soil-borne diseases.
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It is a Chinese native walnut germplasm resource and belongs to Juglandaceae family and Juglans L.genus. It is one of the
rare tree species in Northern China and Northeast China, and is often been used as vigorous rootstock to enhance drought
and cold tolerance (—40°C), and to improve plant growth.
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It is a Chinese native walnut germplasm resource and belongs to Juglandaceae family and Pterocarya genus. liis often been
used as walnut rootstock to enhance resistant to phytophthora and waterlogging injury.
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It belongs to Juglandaceae family and Juglans L.genus. It is a unique wild walnut group resource in China, with strong a-
daptability and high resistance to disease, cold and drought. It best adapted to soil and climate of south mountain region in
Jinan City, Shandong Province, China, and often been used as rootstock by local farmers.
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An early-bearing walnut variety bred by Shandong Institute of Pomology in 1980s and its parents were Shangsong No.5 X Ak-
su No.9. It was now widely planted in Northern China and Northwest China. It always been used as self—rooted rootstock in
China.
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% B ik K Walnut rootstocks
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Note;: MW— Ma walnut, TW— Tron walnut, BW— Black
walnut, MCW— Manchurian walnut, CW-— Chinese wingnut,
JZM— Jizhuamian, XL— Xiangling; Fp 0. : €ffect of rootstock
species on WUE, ; Lowercases letters show statistically significant
differences at 0.05 level among different walnut rootstocks for each

parameter; * * * . significant effect at 0.001 level.The same below.
B1 FTEREEHT 7 MZASESER
KRR S FI RELE (WUE,)
Fig.1 WUE, of the seven walnut rootstock

seedlings under drought condition

F2 FEREEHT 7 Mz L Bk F AEX I8
MR EHEGERE ERRBMAESHT
Table 2 Mean, standard deviation, coefficient of variation and
one-way ANOVA for the water-use related functional traits of

the seven walnut rootstock species under drought condition

W ERARA

o S
P:':ri/(;ler q;ii{nﬁ Standard ~ Coefficient of Far
deviation  variation/ % Rootstock
PH/cm 52.356 12.430 23.741 20.507* **
BD/mm 9.510 1.992 20.947 18.124 * *
TDB/g 48.894 11.318 23.148 20.150" * *
RSR 1.201 0.431 35.909 18272 **
ARL/ cm 21.204 7.755 36.571 13.920" *
NLR 26.326 9.244 35.113 12148 *
TIA/ dm? 13.057 4.227 32.372 16.735" *
LT/mm 0.257 0.040 15.516 523747 "
SIA/(em® - g™h) 101.153 21.179 20.938 16.183" *
RWC/ % 66.090 6.763 10.240 13.196* *
WHC/ % 265.566 38.152 14.366 15472 ¢
Cyy/ (mg-g™) 2.109 0.540 25.618 16280 * *
P,/(pmol - m™ - s7') 13231 2,025 15303 24356 %"
F,/F, 0.721 0.061 8.397 13.226" *

FE o w Fllx = % J97E 0.01 F10.001 K- EREMH 23
Note; # * and * #* * . significant effectsat 0.01 and 0.001 level ,

respectively.
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kPR Rk SRR .
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Table 3 Pearson correlation coefficients between WUE, and water-use related functional traits of the seven walnut rootstock seedlings

EiEan

PH  BD  TDB  RSR  ARL  NLR  TIA T SIA  RWC  WHC  Cu P, FJF,
Parameter
WUE, 0.744* " " 0.663"* 0545 0.762" " " 0544 0474" 0360 0.680" " -0.595" 0444 0600"" 0.779" " 0.556" 0.566"
o, o ow fllx w0 % SRR TE 0.05.0.01 F10.001 K E R EME, FH,
Note: #, * * and * * * indicate significant correlation at 0.05, 0.01 and 0.001 level, respectively. The same below.
x4 TEREFHTARZMMEAYDESNEERNRERHE
Table 4  Subordinate function values of the seven walnut rootstock seedlings under drought condition
fiti A PH BD TDB SRS ARL NLR TIA LT SIA IAR RWC WHC C,, P, F/F, P
Rootstock Mean
JRAZHE
Ma walnut 0.449 0.386 0.447 0.165 0.208 0.000 0.660 0.462 0.843 0.661 0.62 0.57 0.465 0.754 0.500 0.479
We
Pk
0.409 0.411 0.135 0.135 0.000 0.145 0.165 0.000-0.107 0.440 0.295 0.493 0.358 0.381 0.000 0.217
Iron walnut
0.508 0.000 0.270 0.000 0.091 0.352 0.000 0.154 0.539 0.369 0.000 0.000 0.000 0.267 0.000 0.170
Black walnut
A
. 0.558 0.550 0.593 0.436 0.821 0.819 0.21000.385 0.000 0.000 0.126 0.586 0.673 0.777 1.000 0.502
Manchurian walnut
. WH% 0.000 0.310 0.000 0.241-0.016 0.073 0.029 0.385 0.421 0.316 0.276 0.258 0.069 0.000 0.143 0.167
Chinese wingnut
X4 T4
. . 1.000 0.860 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.991
Jizhuamian
¥®
Xiigfing 0.671 1.000 0.814 0.662 0.546 0.307 0.697 0.692 0.89 0.711 0.752 0.229 0.774 0.83 0.929 0.700
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HTLA 52 S WK 53 i ORI R AR AR G A=
RGBSR RIESIGIR, 7 2 0THk% R 53.133%;
TS 2(PC,) FEAMSE C,, PF /F, MK
Sy ORI I R A B AR, T 22 TTERR R
15.227% ; £ 4% 3( PC,) EEAUIE LT SLA RWC
WHC , J2& WK 53 3 5800 G i 7 T2 248 5 7K o A 3
FebR, A TINE R 9.127% . L5845 bR
SEMERE RS RE(FR 2) MHARAE (K 6) , &k
8 PH . C ,, F1 SLA YE VAN AN AL MR AL R 41 WUE
E0F N = 7

RS 3NERSFMEEFTETHE,
B AERHENRREERMHEXE
Table 5 Eigenvalues, proportion of total variability, as well
as correlations between the original variables and

the first 3 principal components

A5Er Variable PCI PC2 PC3
PH 0.849 0.286 0.105
BD 0.461 0.239 0.066
TDB 0.835 0.038 0.184
RSR 0.699 0.184 0.491
ARL 0.848 0.281 0.102
NLR 0.810 0.328 0.132
TLA 0.780 0.074 0.126
LT 0.521 0.414 0.704
SIA -0.056 -0.348 -0.680
RWC 0.565 0.428 0.669
WHC 0.404 -0.224 0.828
Con 0.309 0.923 0.096
P, 0.344 0.730 0.135
F,/F, 0.247 0.788 -0.018
FFIEMH Eigenvalues 8.409  2.589  1.552
F BTk Variance contribution rate/% 53.133  15.227 9.127
Rty iR 53.133  68.360 77.487

Cumulative variance contribution rate/ %
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Fo6 TEEFHTTHEMEAIESHSNETSEMEXE

Table 6 Bivariate correlations among the studied parameters of the seven walnut rootstock seedlings under drought condition

PH BD TDB SRS ARL NLR TLA LT SLA RWC WHC Co P,
BD 0.395
TDB 0.718" " 0.533 "
SRS 0.408  0.643"* 0.481
ARL 0.619" 0.659"* 0.710" *0.684 " *
NLR 0.706* * 0.394 0.651"70.540" 0.713" "
TLA 0.553* 0.593" 0.683 " *0.480 0.684" " 0.572*
LT 0.448  0.467 0.632 " *0.386 0.588 0.545*  0.599 "
SLA -0.285 -0.379 -0.496 -0.508" -0.462 -0.328  -0.608 " " -0.694 " *
RWC 0.279  0.429 0.461 0.554* 0.442 0.284 0.497 0.500" -0.572"
WHC 0.366  0.431 0.306  0.399 0.528 " 0.416 0.402 0.322 -0.236 0.43
Ceni 0.653** 0.719" " 0.749"*0.604"* 0.873"* " 0.641" 0.793" " 0.664" * -0.520" 0.439 0.461
P, 0.604" " 0.523 " 0.598" 0.445 0.605** 0.5678  0.581° 0.619"* -0.318 0.306 0411 0.697" "
F,/F, 0.332  0.602"* 0.476 0.494 0.590 0.471 0.441 0.539* -0.247 0.306 0.408 0.646" "  0.436
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Table 7 Values of principal components and synthetic analysis

indexes of the seven rootstock seedlings under drought condition

fifi R Y S

Rootstock Y, Y, Y3 -
FRAZHE Ma walnut -0.462 0.125 0.838 -0.175
ARk Tron walnut -5.022 -4.037 -2.462 -3.197
A% Black walnut -4.624 -5.903 -2.510 -3.158
1% MMk Manchurian walnut 1.806 1.240 -0.395 1.041
4% Chinese wingnut -6.237 -3.646 -2.382 -3.801
X R4 Jizhuamian 9.172 8.044 4.141  5.875
F# Xiangling 5366 4.178 2771  3.414
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Fig.2 Cluster analysis for the seven walnut rootstock

species based on the high water use efficiency

characteristics under drought condition
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