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Sex Dimorphism in Allometric Growth Relationships of Stoichiometric

Characteristics on Populus euphratica with Different Developmental Stages

ZHAI Juntuan, LI Xiu, HAN Xiaoli, ZHANG Shanhe, CHEN Jiali, LI Zhijun”

(College of Life Science and Technology, Tarim University, Alar, Xinjiang 843300, China)

Abstract: Populus euphratica Oliv. is a dioecious tree species for windbreak, sand fixation and soil and
water conservation in desert riparian forest. In this study, male and female Populus euphratica plants
with different diameter classes (8, 12, 16, 20 cm) were used as the research objects. Through analysis the
contents and growth relationship of stoichiometric elements (C, N, P, K) in stems and leaves of the cur-
rent year, the stoichiometric changes of different classes with developmental stages and the sex differences
in allometric growth relationships were discussed. The results showed that: (1) the C content in the leaves
of male and female plants of P. euphratica showed that the large-diameter class (20 cm) was significantly

higher than that of the small diameter class (8 cm), and the N content of leaves increased significantly
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with the increase of diameter class; Stem and leaf stoichiometry of male and female plants generally in-
creased with the increase of diameter class, and C and N contents were significantly positively correlated
with diameter class; With the increase of diameter class, the P content in leaves of female plants showed a
downward trend, which was significantly negatively correlated with diameter class, while the P and K con-
tents in stems of male and female plants showed an upward trend, and there was a significant positive cor-
relation with diameter class. (2) The N content of the leaves of each diameter class and the P content of
the 8, 12, and 20 cm diameter classes of the female plants were significantly higher than those of the male
plants, and the C content of the current year stems of the 8, 16 and 20 diameter classes and the N and P
contents of the stems of the 20 cm diameter classes were significantly higher than that of the corresponding
male plants. (3) The slope indexes of C and N in the leaves of female plants are the largest in the 20 cm di-
ameters class, while the slope indexes of male plants are the largest in the 12 cm diameters class. The
changes of N and P in male and female plants are relatively stable in each development stage. At the same
C content, the male stem can obtain more N content, and the female stem can obtain more P element un-
der the same N. The research found that there are significant gender differences in the stoichiometric con-
tent and allometric growth relationship characteristics of stems and leaves between male and female Popu-
lus euphratica at different development stages. The mature female leaves need more stoichiometric charac-
teristic content to meet the reproductive needs, which generally reflects the nutrient distribution strategy
of their own growth and environmental adaptation.

Key words: Populus euphratica ; sex dimorphism; developmental stage; stoichiometric characteristics; al-

lometric growth
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Table 1 Basic information of female and male samples
of P. euphratica

2l DiZ}r;r[il\ter 4 i Avejge
Sex class/cm Lk i i
/ Diameter/cm Height/m Age/a
8 8.33 7.53 8. 10
W 12 14. 30 9.47 9.30
Female 16 17. 67 11. 27 10. 37
20 23.23 12.87 11.17
8 9.33 7.97 8.37
Tk 12 14. 37 10. 00 9.70
Male 16 17.33 10.93 10.13
20 24. 83 12.70 11.10
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S in the figure represents gender, D represents diameter class, SXD represents the interaction effect between the two,

*x% , %xx and * represent significant difference at 0. 001, 0.01 and 0. 05 level, respectively, ns represents no significant difference;

Different normal letters represent the significant difference between different diameter classes

of male and female plants (P<C0. 05). The same as below

Fig. 1

Changes of leal stoichiometry with developmental stages
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Table 2 Correlation analysis of stoichiometric

characteristics of female and male plant leaves
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C 0.31 1 bk I E [y
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B N 0.36 0.85 1 element in stem C N P
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Fig. 2 Changes of stem stoichiometry with developmental stages
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Table 4 Parameters of the Standard Main Axis (SMA) regression for leaves of Stoichiometric characteristics

of female plant at different developmental stages

& b7 [y FEARL R? p FR RS 95 {5 X 1] e 956 AR X Il
Index DBH n Slope 95%CI Intercept 95%CI
8 9 0.727 0. 003 5.513 3.511, 8.657 —13.610 —20. 440, —6.790
. 12 12 0.722 0. 000 4.177 2.905, 6.007 —10. 050 —14.170, —5.930
o 16 15 0. 826 0. 000 5.284 4,126, 6.766 —12.960 —16.460, —9. 460
20 18 0. 750 0. 000 6.323 4,864, 8.218 —15. 760 —20. 230, —11.290
8 9 0. 267 0.154 2. 096 1.035, 4.242 —5.210 —9.465, —0.955
. 12 12 0.611 0.003 4. 605 3.007, 7.052 —11. 898 —17.268, —6.528
or 16 15 0.758 0. 000 5.097 3.810, 6.818 —13. 224 —17.216, —9.232
20 18 0. 659 0. 000 5.557 4,098, 7.536 —14. 506 —19.086, —9.926
8 9 0.813 0. 001 —6.390bc —9.321, —4.380 18. 060 11.500, 24.610
. 12 12 0.777 0. 000 — 4. 752ac —6.588, —3.427 13. 810 9.620, 18.010
oK 16 15 0.414 0.010 —8.823b —13.753, —5.660 24. 440 13.70, 35.190
20 18 0.765 0. 000 —3.520a —4.538, —2.730 10. 530 8.120, 12. 940
8 9 0.316 0.115 0. 380 0.191, 0.753 —0.035 —0.321, 0. 251
12 12 0. 807 0. 000 1.102 0.813, 1.494 —0.817 —1.171, —0.463
NP 16 15 0. 876 0. 000 0. 965 0.782, 1.189 —0.723 —0.941, —0.505
20 18 0.461 0. 002 0. 879 0.601, 1.285 —0.652 —1.024, —0.280
8 9 0.673 0. 007 —1.15% —1.893, —0.709 2.278 1.674, 2.882
12 12 0.585 0.004 —1.138a —1.765, —0.733 2. 381 1.845, 2,917
VK 16 15 0. 464 0.005 —1.670a —2.556, —1.091 2. 806 2.023, 3.588
20 18 0.633 0. 000 —0.557b —0.763, —0.406 1.759 1.565, 1.953
8 9 0. 561 0.020 —3.049a —5.348, —1.738 2. 171 1.535, 2.808
12 12 0. 624 0. 002 —1.032bc —1.569, —0.678 1.538 1.391, 1.685
P 16 15 0.358 0.018 —1.731ab —2.751, —1.089 1.553 1.295, 1.812
20 18 0. 668 0. 000 —0.633c —0.855, —0.468 1.346 1.286, 1.406

(B 3,0),—1.28095% CI=—0.93~—1.84);
Pl EFERI AR S 100 22 5 3 (P <<0.05) , R
Bt CONP 5 KB REAKKR,

2.3.2 R M HERRM  CONLPLK L2 ih it
[ FEA AR R B T 25 W AH G M . JLv i i
MR CHNNYEPNYSKPYKRBRELR
Brial 8 Jo i 5 25 5 (R 5 8 4,a.d— D LR RPR 5y
BIh 8.19(95% CI=6.49~9.77),0.91(95% CI
=0.71~1.19), —1. 03(95% CI = —0.85 ~
—1.27),—1.21(95% CI=—0.96~—1.51), Hrf
CHNNSEK.PHKI®EREE 1.0 2ZREEP
<0.05) , R HEAKILER.NFPHEFEMEE 1.0
TREES NEHRERKLR, R C5P.C
5 K RPRTE 8.12.16 12 W (A 4 FE 7 2[R R R (& 4,
bye) R 7.51(95% CI=5.51~10.47)F19. 18
(95% CI=—7.68~—10.88), H¥ 5 1.0 7 &
FH(P<<0.05) , HrHAERKKR.

2.4 GBS ELEZINFEHETETIEEN
ERKXR

2.4.1 BERKR WIHMERR M 4EEZE CONLVPLK ML
I EBELS BRI T B E WA, H
FOMERE S AEAZER C 5 N.CH PRIFESKEH
] 2 06 i 3 22 57 (3R 651 5.a.b) LR RLR 1K
8.40(95% CI=6.96~10.18) 1 5.60(95% CI =
4.63~6.98), H¥ 5 1.0 2R & (P<0.05), K
SHARKKRMEKRZECH K. P 5 KTES.16 126/
FEAE LR RPR (B 5. DL 405k 6. 27(95% CI=
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P stands for the heterogeneity of the slope, the diameter classes with a common slope in the brackets; Cs stands for

the common slope, and the 95% confidence interval in the brackets, the same as below

Fig. 3 Growth relationship of female plant leaf stoichiometry at different diameters
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Table 5 Parameters of the Standard Main Axis (SMA) regression for leaves of Stoichiometric characteristics
of male plant at different developmental stages
ki rH AR R’ P R 95 %0 E {7 X 7] W 9596 E {7 X [a]
Index DBH n Slope 95%CI Intercept 95%CI
8 9 0.776 0.002 9.477 6.282, 14.298 —24. 140 —34.730, —13.550
12 12 0. 840 0. 000 9. 507 7.200, 12.552 —24.210 —31.290, —17.120
C-N
16 15 0. 341 0.022 6.416 4.014, 10. 256 —16.020 —24.280, —7.770
20 18 0.417 0. 004 5.641 3.803, 8.369 —13. 950 —20.010, —7.890
8 9 0.478 0.039 5. 835ab 3.178, 10.715 —15.220 —25.180, —5. 260
12 12 0. 366 0.037 11.128a 6.516, 19.004 —29.210 —45.730, —12.690
C-P
16 15 0.433 0.008 6.770ab 4,373, 10.481 —17.650 —25.730, —9.570
20 18 0.788 0. 000 4.789b 3.760, 6.098 —12.490 —15.590, —9.390
8 9 0.861 0. 000 —9.810a —13.606, —7.073 26.970 18. 330, 35.600
12 12 0. 862 0. 000 —8.915a —11. 548, —6.883 24.720 18. 550, 30. 890
C-K
16 15 0.512 0.003 —8.708ab —13.087, —5.794 24.070 14.420, 33.720
20 18 0. 684 0. 000 —5.691b —7.634, —4.243 16. 200 11.700, 20. 700
8 9 0. 362 0. 087 0.616 0.316, 1.196 —0.358 —0.760, 0.044
12 12 0.283 0.075 1.171 0.664, 2.061 —0. 878 —1.544, —0. 211
N-P
16 15 0. 302 0.034 1. 055 0.651, 1.708 —0.744 —1.249, —0.237
20 18 0.314 0.016 0. 849 0.554, 1.299 —0. 643 —1.023, —0.262
8 9 0.709 0. 004 —1.035 —1.648, —0.650 1. 980 1.523, 2.437
12 12 0.748 0. 000 —0.938 —1.326, —0.663 2.021 1.704, 2.337
N-K
16 15 0.310 0.031 —1.357 —2.191, —0. 840 2.324 1.677, 2.971
20 18 0.432 0.003 —1.009 —1.489, —0.683 2.121 1.709, 2.532
8 9 0.343 0.097 —1.681 —3.293, —0.858 1.379 1.122, 1. 636
12 12 0.235 0.110 —0. 801 —1.434, —0.447 1.317 1.191, 1. 443
P-K
16 15 0.623 0. 000 —1. 286 —1.843, —0.897 1. 367 1. 239, 1.496
20 18 0.436 0.003 —1.188 —1.752, —0.806 1. 357 1. 248, 1. 465
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Fig. 4 Growth relationship of male plant leal stoichiometry at different diameters
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Table 6 Parameters of the Standard Main Axis (SMA) regression for stem of Stoichiometric characteristics

of female plant at different developmental stages

B0 =ty FEA KL R’ P PR 95 %6 B 1% X 7] R 95 % & 1% X [A]
Index DBH n Slope 95%CI Intercept 95%CI
8 9 0.576 0.018 9.767 5.616, 16. 986 —25.480 —40. 600, —10. 350
12 12 0.729 0. 000 6.427 4,489, 9. 203 —16. 560 —22.840, —10. 290
C-N
16 15 0.702 0. 000 8. 984 6.513, 12.393 —23.330 —31.180, —15.480
20 18 0.587 0. 000 9.111 6.521, 12.729 —23.630 —31.930, —15.320
8 9 0.565 0.020 4.516 2.580, 7.904 —11. 900 —18.980, —4.810
12 12 0.676 0.001 4,965 3.358, 7.339 —13.100 —18.410, —7.800
Cc-p
16 15 0.685 0. 000 5.058 3.636, 7.037 —13. 340 —17.870, —8.800
20 18 0.590 0. 000 8.113 5.815, 11.319 —21.510 —28.870, —14.150
8 9 0.935 0. 000 6.470a 5.164, 8.106 —16. 352 —20.266, —12.437
12 12 0.471 0.014 3.136b 1.916. 5.131 —7.437 —11.719, —3.155
CK
16 15 0.715 0. 000 5.792a 1.228, 7.934 —14.583 —19.531, —9.635
20 18 0. 490 0.001 13.549¢ 9.360, 19.613 —35. 290 —49.003, —21.577
8 9 0.461 0.044 0.462a 0.249, 0. 856 —0.116 —0.272, 0.039
12 12 0.668 0.001 0.773ab 0.520, 1.147 —0.309 —0.484, —0.133
N-P
16 15 0.742 0. 000 0.563a 0.417, 0. 759 —0. 200 —0.312, —0.087
20 18 0.749 0. 000 0.891b 0.684, 1.158 —0.471 —0.647, —0.294
8 9 0.597 0.015 0.662a 0.385, 1.137 0.527 0.334, 0.720
12 12 0.426 0.021 0.488a 0.292, 0.813 0. 644 0.498, 0.789
N-K
16 15 0.760 0. 000 0.645a 0.482, 0. 861 0.457 0.332, 0.581
20 18 0.419 0.004 1.487b 1.003, 2.204 —0.152 —0.601, 0.296
8 9 0.376 0.079 1. 433bc 0.742, 2.764 0.694 0.568, 0.819
12 12 0. 541 0. 006 0.632a 0.398, 1.001 0. 839 0.801, 0.878
P-K
16 15 0.829 0. 000 1.145b 0.895, 1.463 0.686 0.637, 0.735
20 18 0.678 0. 000 1.670¢ 1.241, 2.246 0.635 0.533, 0.736
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Fig. 5 Growth relationship of female plant stem stoichiometry at different diameters
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Table 7 Parameters of the Standard Main Axis (SMA) regression for stem of Stoichiometric characteristics
of male plant at different developmental stages
ki rH AR R P R 95 %0 E {7 X 7] B 9596 E {7 X [a]
Index DBH n Slope 95%CI Intercept 95%CI
8 9 0.618 0.012 9. 345ab 5.515, 15.836 —24. 330 —38.010, —10. 640
. 12 12 0.716 0. 001 5.989a 4,149, 8.645 —15.390 —21.360, —9.410
o 16 15 0.616 0.001 14.987b 10. 423, 21.551 —39. 280 —54.090, —24.470
20 18 0.292 0.020 13.466b 8.74, 20.746 —35. 250 —51.260, —19. 250
8 9 0. 268 0.154 5.245ab 2.592, 10.615 —13.830 —24.467, —3.192
. 12 12 0.727 0. 000 3.401a 2.372, 4.877 —8.955 —12.284, —5.626
or 16 15 0.695 0. 000 6.651b 4. 806, 9.206 —17.561 —23.417, —11.705
20 18 0.557 0. 000 10. 700b 7.573, 15.119 —28.413 —38.472, —18.353
8 9 0.624 0.011 7.746 4,589, 13.077 —19. 740 —30. 990, —8.480
. 12 12 0. 247 0. 100 5.209 2.921, 9. 291 —12.970 —21.430, —4.500
o 16 15 0.732 0. 000 7.834 5.771, 10.635 —19. 990 —26.470, —13.520
20 18 0.435 0.003 12.781 8.667, 18.848 —33. 180 —46.750, —19.610
8 9 0.457 0. 046 0.561 0.302, 1.041 —0.175 —0. 345, —0.005
12 12 0.451 0.017 0. 568 0. 344, 0.937 —0.216 —0.374, —0.056
NP 16 15 0.718 0. 000 0. 444 0.324, 0.607 —0.130 —0.218, —0.042
20 18 0. 500 0.001 0.795 0.551, 1.146 —0.401 —0.595, —0.205
8 9 0.501 0.033 0. 829 0.456, 1.503 0.428 0.187, 0.669
12 12 0. 245 0.102 0. 870 0.487, 1.552 0.418 0.132, 0.702
NK 16 15 0. 685 0. 000 0.523 0.375, 0.727 0.538 0.428, 0.647
20 18 0. 557 0. 000 0. 949 0.671, 1. 341 0.284 0.064, 0.502
8 9 0.187 0.245 1.477 0.707, 3.087 0. 687 0.573, 0.801
12 12 0. 381 0.032 1.532 0. 902, 2.600 0.748 0. 668, 0.826
P 16 15 0.943 0. 000 1.178 1.022, 1. 358 0.691 0.666, 0.716
20 18 0.542 0. 000 1.195 0.841, 1.697 0.762 0.702, 0.822
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Fig. 6 Growth relationship of male plant stem stoichiometry at different diameters
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