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Table 1

Biomass of C. intermedia plantations of different stand age (means * SD, n = 3)

e oy E i Stand biomass /(t-hm™)

Agela

H Leaves ¥ Branches  JZ Stem bark

T Stem wood  #11R Coarse root H& Medium root #Hi#R Fine root

4t Total

1.07 £0.02 Ac
1.24 £0.02 Bc

1.40+0.10 Ad 0.13 +0.03 Aa 0.24 + 0.07 Aa

11 1.30+0.02Bd 3.23+0.05Ae 0.25+0.02 Aa 0.51 £0.02 Bb
17 1.41+0.02Cc

31 1.95%0.11Da 11.39+3.09Bb 0.95+0.28 Ba 1.77 £ 0.23 Ca

242 +0.44 Ad 0.19£0.02 Aa 0.41 £ 0.05 ABab 4.22 +0.06 Ae

4.02+0.24 Ad 0.26 £ 0.03 Aa 0.51+0.16 Bab

3.32+0.15Ae 0.94+0.05Ac

1.03 £ 0.05 Ac

042+0.01Ab 751+041A
0.51+0.03 ABb 10.02 + 0.66 AB

6.20+0.10Bf 1.16+0.05Ac 0.58+0.02Bb 13.23+0.26B

1291+058Ce 1.81+0.14Bc 0.89+0.08Cb 21.81+1.08C

15.79+210Dc 257+047Ca 0.97+0.16Ca 3540+5.55D

T AFRREFRRRA—HSANRNRZ 027 EE, TR/NGFRRRFA—HRRARA S 2 1 %Z7 5% (p<0.05)
Notes: Values followed by different uppercase letters indicate a significant difference among the stand age; different lowercase letters indicate
a significant difference among the components according to Duncan’s multiple range test (p < 0.05)
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®2 FREANKKRFEBGILATEARFESSE (FHE LIREE, n=3)

Table 2 Nutrient concentrations of C. intermedia plantations of different stand age (means * SD, n = 3)

747 ¥ & Nutrient concentration /(g-kg™)

it Agela 404> Components
N P K

i Leaves 37.70 £ 1.31 Af 1.74 £ 0.16 Ad 19.20 £ 0.22 Ae
¥ Branches 24.67 £1.19 Ac 1.38 £ 0.09 Bc 8.67 £ 0.08 Cc
J7 Stem bark 32.24 £ 0.74 Ae 1.43 £ 0.08 Ac 10.18 £ 0.30 Ad

6 -+ Stem wood 13.08 + 1.93 Aa 0.91 +0.16 Aa 4.35+0.42 Aa
HIHR Coarse root 22.70 + 0.78 ABb 1.18 £ 0.01 Ab 7.55 £ 0.09 CDb
AR Medium root 25.05 + 0.59 Ac 1.17 £ 0.04 Bb 8.93 £ 0.03 Bc
4H#R Fine root 27.22 + 0.65 Ad 1.09 £ 0.03 Db 9.65 + 0.04 Dd
I Leaves 37.48 £ 0.94 Ae 1.91£0.18 ABc 20.26 + 0.44 Af

¥z Branches

22.64 £1.18 Ab

1.11 £ 0.03 Aab

8.41+0.06 BCc

J% Stem bark 29.80 £ 1.35 Ad 1.30+£0.11 Ab 10.09 £ 0.23 Ae
9 - Stem wood 14.28 £ 0.38 Aa 0.99+0.16 Aa 4.50 £ 0.27 Aa
¥4 Coarse root 22.35 £ 0.64 Ab 1.11 £ 0.09 Aab 7.28 £ 0.09 Bb

sF# Medium root

26.25+0.79 Bc

1.10 £ 0.04 Bab

8.87 £ 0.03 Bed

MR Fine root 28.87 + 0.51 Bd 1.02+0.02 Ca 9.49 % 0.05 CDde
i Leaves 38.48 + 1.72 Ae 2.25+0.16 Cd 19.65 £ 0.43 Ae
 Branches 24.97 + 0.46 Ab 1.38 £ 0.09 Bc 7.90 +0.13 Ac
J Stem bark 29.86 + 2.23 Ad 1.29 + 0.06 Ac 9.70 £ 0.08 Ad

1 F Stem wood 13.54 + 1.43 Aa 0.90 + 0.08 Aa 3.61+0.56 Aa
FI4R Coarse root 23.95+0.23 BCb 1.10 £ 0.01 Ab 6.96 + 0.02 Ab
4R Medium root 27.58 +0.31 Cc 0.95 + 0.07 Aa 8.99 + 0.06 Bd
41#R Fine root 31.40 £ 0.52 Cd 0.92 +0.03 Ba 9.06 £ 0.10 Bd

it Leaves 39.59 + 1.56 Ae 2.19+0.07 BCe 19.22 £ 0.61 Ae
¥ Branches 25.14 £1.51 Ab 1.35+0.09 Bd 8.23 £ 0.06 BCc
J% Stem bark 30.05 + 1.68 Ac 1.37£0.11 Ad 9.91+0.32 Ad
17 -+ Stem wood 13.96 £ 1.30 Aa 0.91+0.11 Aa 4.23 £0.26 Aa
HAR Coarse root 24.39+0.82 Cb 1.15+0.04 Ac 7.36 £ 0.03 BCb
#1#E Medium root 29.04 £0.24 Dc 1.14 £ 0.01 Bbc 8.47 £ 0.05 Ac
4R Fine root 32.99+1.08 Dd 1.01 £ 0.04 Cab 9.39+0.07 Cd

it Leaves 38.06 + 0.80 Ae 216 +0.15BCe 21.28 £ 1.06 Ad
¥ Branches 25.36 £ 1.09 Ab 1.27 £ 0.09 Bc 7.72 £0.07 Ab
J% Stem bark 31.44 £0.81 Ac 1.40 £ 0.08 Ad 9.36 £ 0.15 Ac
31 - Stem wood 13.03 £ 1.56 Aa 0.93 £ 0.03 Aa 3.48 £0.77 Aa
¥4 Coarse root 25.33£1.30Cb 1.11+£0.01 Ab 7.61+0.10 Db
i Medium root 30.21 £ 0.58 Ec 1.12+£0.02 Bb 8.63 £ 0.10 Abc
ZMHE Fine root 33.43+0.65Dd 0.86 + 0.04 Aa 8.72 + 0.06 Abc

E: AFRREFRRRA—HDANRRRZ W HRT & B EREE, ARNSFRERRE—HRERAFEA T 2 KRy & ’EREE (p<0.05)
Notes: Values followed by different uppercase letters indicate a significant difference among the stand ages; different lowercase letters
indicate a significant difference among the components A Ccording to Duncan’s multiple range test (p < 0.05)
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Fig. 1 Ordination diagram of RDA on the nutrient
concentrations of different components
with stand age
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i, BRSNS, FROPIHFERMFERS N
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Table 3 Correlation analysis between N concentrations and P, K concentrations of different components

HN N SN +N FHARN FHARN ZHIHREN
Leaves N Branches N Stem bark N Stem wood N Coarse root N Medium root N Fine root N

P Leaves P 0.442 0.301 -0.486 0.043 0.651** 0.756** 0.680**
¥;P Branches P 0.350 0.691** 0.094 0.008 0.177 0.033 0.119
F%P Stem bark P 0.134 0.291 0.515* -0.544* -0.013 -0.043 0.029
+P Stem wood P 0.271 -0.240 -0.266 0.184 0.062 -0.028 -0.078
#HEP Coarse root P -0.058 0.397 0.166 -0.186 -0.247 -0.312 -0.201
# P Medium root P 0.022 -0.026 0.425 0.173 -0.014 -0.063 -0.202
ZAHRP Fine root P -0.079 -0.181 0.203 0.109 -0.724* —-0.761** -0.664**
K Leaves K 0.058 -0.160 -0.018 -0.139 0.433 0.397 0.236
};K Branches K -0.062 -0.440 -0.032 0.004 -0.620* -0.767** -0.806**
7K Stem bark K -0.375 -0.211 -0.278 -0.111 -0.424 -0.580* -0.502
FK Stem wood K -0.112 -0.192 -0.136 0.385 -0.217 -0.354 -0.381
HHRK Coarse root K 0.019 -0.062 0.392 -0.118 -0.268 0.166 -0.097
*FARK Medium root K -0.254 -0.281 0.048 -0.010 -0.429 -0.653** -0.637**
ZHHRK Fine root K -0.246 -0.378 0.139 0.140 -0.715** -0.759** -0.729**

i R EFKFp <0.05; LR EEKFp<0.01

Notes: *. Correlation is significant at the 0.05 level; **Correlation is significant at the 0.01 level



124 G2 S A S A %36 %
F 4 AEWHRPEBGILATERKFLRERE
Table 4 Nutrient accumulation of C. intermedia plantations of different stand age (kg-hm2)
B giNits - % B + HIAR R 4R it
Nutrients Age /a Leaves Branches Stem bark Stem wood Coarse root Medium root Fine root Total
6 40.22 34.46 419 3.09 75.45 23.54 11.43 192.38
9 46.48 54.87 5.66 5.81 94.41 27.03 14.72 248.98
N 11 50.15 80.65 7.37 6.86 148.51 32.08 18.11 343.73
17 55.69 100.99 7.81 7.16 314.91 52.66 29.47 568.70
31 74.35 288.73 29.76 23.07 399.99 77.75 32.54 926.19
6 1.86 1.93 0.19 0.22 3.91 1.10 0.46 9.66
9 2.37 2.69 0.25 0.40 467 1.14 0.52 12.04
=) 11 2.93 4.47 0.32 0.46 6.80 1.10 0.53 16.60
17 3.08 5.42 0.36 0.47 14.89 2.06 0.90 27.18
31 422 14.42 1.32 1.65 17.53 2.87 0.84 42.86
6 20.48 12.10 1.32 1.03 25.09 8.39 4.05 72.48
9 25.12 20.39 1.92 1.83 30.75 9.14 4.84 93.98
K 11 25.61 25.51 2.39 1.83 43.13 10.46 5.22 114.15
17 27.04 33.07 2.58 217 95.00 15.35 8.39 183.60
31 41.57 87.91 8.86 6.17 120.24 22.20 8.49 295.43
100 N 100 100 K
o IT
80 b % f/j 80 | 80 | -
% 7 /{: é o o 7 a
g 60 4 ¢ ? Z 60 | % 60 | Z ,; é o |
% F % .-z w7 o= BT
& 40 ﬁ f ﬁ 40+ 40+ é Z )
b 7% 707 70 @ fife
=g % é ;‘ﬁ 20} 20| P f B iR
0 "9"11"1;'3\1 06|. T 06.9.11.17.31
Mt Agela i Agela it Agela
B2 AREKSPEEGILAIERMEESFIREENSE
Fig. 2 Distribution of nutrients accumulation in different components of C. intermedia
plantations of different stand age
x5 AREWKEHEBBILATERREEZENE FIRERFTRERE (THE Li7EE, n=3)
Table 5 Litter accumulation, nutrient concentration and accumulation of C. intermedia
plantations of different stand age (means * SD, n=3)
i R B 774> ¥ & Nutrient concentration/(g-kg™) 7743 R & Nutrients accumulation/(kg-hm)
Age/a Litter accumulation /(t-hm™) N p K N P K
6 1.06 +0.10 a 2122+042a 118+0.04c 1580+024e 2253+191a 1.26+1.26 a 16.79+1.67 a
9 124 £0.06 b 21.13+056a 1.01+£0.03a 1536+0.20d 26.18+1.66b 125+1.25a 19.04 £ 0.88 b
11 1.34+0.02b 2114+0.19a 1.01+001a 14.13+0.17b 2832+051bc 1.35+1.35a 18.93+0.20 b
17 1.48+0.04c 20.57+0.10a 1.08+0.01b 15.01+£0.04c 30.41+0.77c 1.59+1.59b 2220+ 0.68c
31 2.05+0.05d 2272+0.19b 1.20+£0.02c 13.41+0.09a 46.56+0.77d 246+246¢c 27.48+0.53d

W RFE/NGFEFRRFE— R A RA S 2 B 7R3 & B2 R B3 (p<0.05)
Notes: Values followed by different lowercase letters indicate a significant difference among the components according to Duncan’s multiple
range test (p < 0.05)
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Table 6 Cycling characteristics of nutrients in C. intermedia plantations of different stand age

ikt Agela
7%4) Nutrients i H Ttem
6 9 11 17 31
77 & Storage/(kg-hm™) 192.38 248.98 343.73 568.70 926.19
17 B & Retention/(kg-hm2-a™) 38.48 31.12 34.37 35.54 30.87
417 & Return/(kg-hm2-a™") 22.53 26.18 28.32 30.41 46.56
N Wi & Absorption/(kg-hm2-a™") 61.01 57.31 62.69 65.95 77.43
FIH] #% Utilization coefficient 0.32 0.23 0.18 0.12 0.08
153 %% Cycling coefficient 0.37 0.46 0.45 0.46 0.60
JE%#% 3% Recycling period/a 8.54 9.51 12.14 18.70 19.89
I 178 Storage/(kg-hm2) 9.66 12.04 16.60 27.18 42.86
17 & Retention/(kg-hm™2-a™") 1.93 1.51 1.66 1.70 1.43
JHiE & Return/(kg-hm2-a™") 1.26 1.25 1.35 1.59 2.46
P Wi Absorption/(kg-hm2-a™") 3.19 2.75 3.01 3.29 3.89
I FH /&% Utilization coefficient 0.33 0.23 0.18 0.12 0.09
153 % Cycling coefficient 0.39 0.45 0.45 0.48 0.63
J& ¥ 1 Recycling period/a 7.67 9.65 12.28 17.09 17.41
I #H Storage/(kg-hm2) 72.48 93.98 114.15 183.60 295.43
17 ¥ & Retention/(kg-hm2-a™") 12.08 10.44 10.38 10.80 9.53
)38 & Return/(kg-hm2-a™") 16.79 19.04 18.93 22.20 27.48
K i & Absorption/(kg-hm2-a™") 28.87 29.48 29.31 33.00 37.01
FIF &% Utilization coefficient 0.40 0.31 0.26 0.18 0.13
TEIR 41 Cycling coefficient 0.58 0.65 0.65 0.67 0.74
JE#%35 Recycling period/a 4.32 4.94 6.03 8.27 10.75
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The Allocation and Cycling Characteristics of Main Nutrients
for Caragana intermedia With Different Stand Age
on Alpine Sandy Land

LI Qing-xue'?, JIA Zhi-qing"??, HE Ling-xian-zi'?, ZHAO Xue-bin?, Yang Xiu-ben?

(1. Institute of Ecological Conservation and Restoration, Chinese Academy of Forestry, Beijing 100091, China; 2. Qinghai
Gonghe Desert Ecosystem Research Station, Qinghai Gonghe 813005, Qinghai, China; ; 3. Research Institute of Forestry,
Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] Understanding the allocation and cycling characteristics of the main nutrients in the
process of artificial vegetation restoration on sandy land will help us fully understand the strategies of plant
adaptation to the desert ecosystems, and provide theory for the vegetation management. [Method] This
study was conducted in the shrub plantations of Caragana intermedia with different stand age of 6-, 9-, 11-,
17- and 31-year-old on alpine sandy land. The whole plant of average shrubs was completely harvested for
analysing the main nutrients N, P and K concentration, accumulation, allocation and cycling characteristics.
[Result] (1) In components, leaves and stem bark with the highest nutrient content, and stem wood with
the lowest nutrient content. As the plantation age increased, N content in three root-diameter (coarse root:
diameter > 5 mm, medium root: 2 mm < diameter < 5 mm, fine root: diameter < 2 mm) and P content in
leaves increased significantly, whereas P and K contents in fine root, K contents in branches and medium
root decreased significantly. The N contents of three root-diameters had a significant negative correlation
with the P and K contents of fine root, and the N contents of medium and fine root had a significant negat-
ive correlation with the K contents of branches and medium root. (2) The nutrient accumulation of root was
higher than aboveground components. The percentage of the nutrient accumulation of the root to the
aboveground components firstly increased and then decreased as the plantation age increased. It peaked
in 17-year-old plantation, and the percentage of N, P and K were 70%, 66% and 63%, respectively. (3) As
the plantation age increased, the utilization coefficient of the nutrients decreased, while the recycling peri-
od and cycling coefficient increased. Utilization coefficient and cycling coefficient of K were higher and re-
cycling period was shorter than N and P in all plantations. [Conclusion] With the development of C. inter-
mediate plantation on alpine sandy land, more nutrients were allocated to the root system to adapt to the
harsh environment. The nitrogen fixation process of C. intermediate will consume its own K and P, of which
K with fast circulation rate and high mobility. Therefore, we suggested that K and P fertilizer should be ad-
ded in the management and protection of C. intermedia shrub plantation.

Keywords: Caragana intermedia plantation; nutrients; allocation; cycling; alpine sandy land
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