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Effects of seabuckthorn{Hippophae rhamnoides L. Jon nutrient dis-
tribution and biological cycling of poplar plantations in dry subhu-

mid area of China

LIU Shi-Rong t Research Institute of Forest Ecology. Environment and Protecivon .Chinese Academy of Forestry .
Beijing. 100091 . China)

Abstract:Effects of seabuckthorn (Hippophae rhamnardes L. 3 on putrient distribution and nutrient eycling
of poplar plantations 1y dry subhumid area of China were examined over 3 years by introducing seabuck-
thorp into three poplar stands of different varieties (Populus ‘Xiachel”, P. ‘Zaolin0O5" and P. eurameri-
cane cv. ‘N3016"Y, and in rwo different mixing designs (individual-or strip-muxing patterns). The concen-
trations of N. P and K were {found to be significantly higher in the seabuckthorn leaves than in the poplar
leaves. Mutrient concentrations o poplar tissues were frequently larger 1o the mixed stands than in the
pure stands, but the putrient concentrations varied with elemenrs and varieties. The concentrations of soil
total N and available N were 8631~ 164% and 19%i-~ 3654 higher in the mixed stands thao in the pure
stands. The enhanced growth was not always correlated with foliar N concentration, but related to the in-
creased annual amount of N uptake, The annual outrient returns in the poplar mixed stands were en-
hanced. as the ratios of annual nutrient return to uptake were higher in mixed stands than in pure srands.
This implied that there was a large amount of nutrients involving in the putrient recycling processes in the
poplar stands when mixed with seabuckthern, The results indicated that seabuckthorn, acting as a
pump, plays an important role in maiotaining sufficieotly stable N availability in concert with rapid poptar
tree growth.
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1 Introduction

Seabuckthorn ( Hippophae rhamneides L. thas long been recognized as an umportant nitrogen-fixing
and drought-resistant tree species. In northwest of China. seabuckthorn was widely used to stabilize and
enrich infertile sous . while to provide fruits for drink-making industry. Although it has fallen cut of faver
as a plantation species, seabuckthorn is considered as a goud companiun of many broad-leaved tree species.
The presence of seabuckthran within a forest may result in significant changes to the internal cycling of ni-
trogen.

Poplar is a fast-growing and high-vielding plantation species in dry subhumid area of China. but the
growth is affected by nutrient and water stresses. This problem is mcreasingly concerned under successive
rotations with continucus cropping-'"*), Introduction of the seabuckthorn into pure poplar plantations by
mixung approach may lead to signmficant changes in organic matter decomposition and nutrient recychng.
and hence to an increase in tree growth and biomass production. Little is known. however, abour how the
presence of seabuckthorn atfect soil nutrient availability. foliar nutrient concentrations, and nutrient bo-
logical cycling in poplar plantations. and how these effects vary with mixing patterns or poplar varieties.
Early studies reported only growth responses and foliar nutrient status of young poplar trees after mixed
with seabuckthorn. and few published experiments have formally addressed long-term effects of seabuck-
thorn on biomass production and nutrient cycling of poplar plantations--,

The cbjectives of the study were: 10 determine responses of scil nutrient availability and nutrient cy-
cling processes of poplar plantations after mixed with seabuckthorn;The study was expected ta provide sci-
entific information for maintenance of sustainable site productivity of poplar plantations under successive
rotations with continuous cropping.

2 Materials and methods

2.1 Site description The study area is located. on fluvial plain sites in Heishui+ Jianping county ., Liaon-
ing Province. in the northwest of China (40°17' ~42°20'N,110°10° ~120°02'E ). The typical dry subhumid
continental climate is overwhelmingly dominated in the study area. Annual mean temperature is 7.9 .
Annual average precipitation is 470. 5mm . falling mainly in July thtough August, and annual mean evapo-
ration is 2113. 7mm. The mean relative air bumadity is only 52. 3%. Soils are a nutrient-poor sandy loam
at fluvial plains. with relatively scarce organic matter and low soil fertility. The sites are considered of low
productivity in a landscape. which suffers water shortage and nutrient deficiency. The experiment was de-
signed with three poplar varieties (Popuefus "Xiachei® . P. *Zaolin0&’and P. ewramericune cv. "N3016" Yand
in the two mixing patterns (individual-or strip-mixing).i. e. treatment 1. P. curemericany cv. ‘N3016"
mixed with seabuckthorn in strips at spacing of 2m ™~ 3m for both popular and seabuckthorn. and the con-
trol of P. ewramericane cv. ‘N30167 pure stand at a spacing of 2m ™ 3m: treatment I .P. ‘Zaolinng’
mixed with seabuckthorn in strips at spacing of 2m™ 3m and 1. 5m < 3m {or poplar and seabuckthorn. re-
spectively; and the control of P. ‘Zaolind6' pure stand at a spacing of 3m - 4m; treatment N : P.
*Xiacher' mixed with seabuckthorn in individual-tree mixture at spacing of 3m ™ 4m for both poplar and
seabuckthorn (one poplar tree together with two seabuckthorn plants were planted in a group ), and the
control of P. *Xiaochei® pure stand at a spacing of 3m ™ 4m. The stands of treatment I and I were esrab-
lished in 1987.and that of treament X was established in 1985. In treatment B . seabuckthorn planrs were
removed in 1990 from the mixed poplar stand by ecutting at ground level with minimum soil disturbance.
and thereafter regenerated naturally.

2.2 Growth and biomass measurement Measurements of the stand growth were made annually during

1993~ 1996 in the predetermined six plots of 300m? each. including the three poplar mixed stands with
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seabuckthorn and the three controls. By applying the method of srand survey, all trees grown in sampling
plots were measured and recorded for tree height and diameter at breast height (DBH ). Destructive hac-
vests for above-ground biomass measurement were made ar the end of Augusr of 1993 and 1996, respec-
tively. Trees were selected based on diameter dimension and number percentage in each diameter class for
above-ground harvest, The total fresh weight of frunk. bark, branches and leaves were directly measured
by weighing. Biomass of various components or organs in expressed in dry mass. Biomass dara of the or-
gans from the desrructive sampling were used to establish allometric relarionships with DBH and tree
height. The allometric equations were used to quantify the same variables of the trees for whole investiga-
tion plots, Biomass of seabuckrhorn. herb and lirter was direcrly measured by harvesting and weighing all
plant tissues respectively from three 53 5m? and 1 X 1m® subplors.

2.3 Litter fall measurement Ten lirter fall rraps of 12X 1m? were randomly placed in an 300m? plot wirth-

in each treatmenrt to qualify litter input to the forest floor, and litter iall was callecred rwice 8 month, Af-

- H

ter separation into different components by species, tissues and site origin. the litter fal] was weighed and
then dried ar 40°C on oven for 48h. The dry mass of litrer fall was weighed and analyzed for nutrients.
The measurements of lirter lall were conducred simultanecusly on all plots in 1993 and were repeated for
tWO years.

2.4 Primary productivity The ner primary producrion (NPP)of the stand components was calculated by
the following formulae: NPP=G-+ L+ A", Where G is annual net biomass production. L is annual lirter
fall production of the current biomass production, and A is herbivore consumption which is assumed to be
negligi-hle—aqd not considered in the calculation. The annual above-ground ner biomass production was cal-
culated by an average of the total net biomass production during 1993~1996.

2.5 Soil sampling For rhe sirip mixing stands. 27 frames were taken in each plot and divided intc 3
groups of 9 frames each. The group 1,2 and 3 were selected within the rows of poplar trees, wirhin the
space between poplar strip and seabuckthorn strip. and within the rows of seabuckrhorn, respectively.
Sampling undernearh the lirter layer was by deprh increments of 0~3, 5~20, 20~ 50cm, using soil drill.
Within each group. nine cores from each depth were collected systematically and pooled in 3 single sam-
ples. For individual mixing stands. 9 [remes were randomly taken in each plot. and pooled into 3 single
samples, Soil samples were collected at three sublayers by the same depth horizons as described above.
2.6 Laboratory analysis Soil samples were air-dried, and ground ro pass through No. 40 stainless mesh
screen. The total N content was determined by the Kjeldahl methed, P by continuous flow merhod (molyb-
denum-vanadium method), and concentrations of Ca, Mg and K were measured by atomic absorption spec-
trophotometry. Exchangeable NH* and combined NO; 4+ NO; were determined from 2 M KCl extraces {1t
4v/v) by alkaline steam disrillation, and exchangeable K and soluble P were determined using 1. 0 M am-
monium acefate extraction (pH 4.65y1110v/v). Planr samples were dry-ashed at 550 C for 5 hours, dis-
solved in 524 (v/v) HNO;. and were analyzed for total N, P, K, Ca and Mg with the same method as de-
scribed abovet™ . Chemical analysis of plant and soil samples were conducted at Chemical Analysis Center .
Chinese Academy of Forestry.

2.7 Nurrienr calculation The nutrient standing stock was calculated by multiplying the standing crop by
the corresponding mean elemental concentration. The above-ground annual nutrient uptake was delined as
the sum of the maximum nutzient poal size of current stem and branch, and foliar biomass plus the net an-
nual increment in the nutrient pool of stems and brenches plder than current year. The annual nutrient re-
tention was defined by the annual net increment in nutrient pool of perennial tissues. All these estimates of

those of pool size of biomass and nutrient content of different components are expressed on an oven-dry
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weight basis and on an annual basis as weight per hm*.

3 Resulis -5
3.1 Nutrient concentrations in plant tissues Nutri- S 4} [——1Bolewood 57=) Bolebark
. . . g 777 Branch
ent concentrarions in plant rissues were shown 1n fig, 2 .
g
1. Nutrient concentrations varied with organs and va- g ?
4
.. . . c 1
rieries. but nutrient concenrrarions were frequently 2
; . z 0
greater in the leaves than in the other organs. The
0.2

concentrations of N, P and K were significantly higher

in the seabuckthorn leaves than in rhe poplar leaves.

e
—

MNutrienr concentrarions in poplar tissues were fre-

P concentra

K concentrations( %) nons{ %)

0.0

quently larger in rhe mixed stands than in the pure

srands in mosr cases of rhis srudy. bur the nutrient

concentrations vartied wirh elemenrs and treatments.

For example. the foliar N and P concentrations of

0

poplar rrees in the mixed stands were 1. 2 and 1.2, 1.7 pets Pe pois pz pads PX
and 1.2, and 1.4 and 1.1 times higher for treatment 1.

I and X . respectively. compared to that in the pure

. Fig. 1 Nutrient concentrations of plant tissues
srands. Regardless of poplar varierty. rthe nutrient con-
cenrrations of woody tissues were relatively lower for poplar trees n the mixed stands than in the pure
stands.

3.2 MNurrient concentrations in soil  Nurrient concentrations in soils varied with soil depth.and mixing
patterns{see table 1). The toral N. Ca and Mg. and available N. P and K concentrations were significant-
ly decreased with soil depth. but total P and K were found to increase slightly with soil depth. MNutrient
concentrations of soils were frequently higher in the mixed stands than in the pure srands. These increase
in the total M and available N concentration were 164% and 36% for the rreatment 1. 1322 and 37% for
the rrearment I . and 863 and 18% for trearment K . respectively.

3.3 Mutrient standing crop In the strip-mixing patterns. rhe total above-ground standing crop of nutri-
ents in tree layers was found to be larger in the pure stands rhan in the mixed srands. bur only difference in
N standing crop were not statistically significant. In addition. the standing crop of nutrients in the woody
tissues was less in rhe mixed srands rhan in the pure stands. while the standing crop of nutrients 1n the
leaves was larger in the mixed stands than in the pure stand. This was due largely ro either the relatively
higher nutrient concentrations or the larger biomass of woody tissues in the pure stands than in the mixed
stands. In rreatment I, however, the toral above-ground standing crop of nutrients in the tree layer was
significantly higher in the mixed srand rhan in the pure stand . regardless of element or organtsee Tabable
2). The total foliar N standing crop of tree lavers increased by 18% . 32% and 269% afrer poplar trees
mixed with seabuckthorn for rreatmene I, I and O,

The toral N and P standing crops of stands were larger in the mixed stends than in the pure stands. 1r-
respective of poplar variety or mixing pattern., but there was no stetistically significanr dif{ferences in the P
standing crop berween the mixed stands and the pure stands in trestment I and I. In treatment [ and 1 .
the toral K. Ca and Mg amount of stands were {requently less in the mixed stands than in the pure stands,
while they were significently larger in the mixed stands than in the pure stands in treatment K. The stand-
ing erop of herb in this case comprised a negligible proportion of total above-ground nurrient pool size. but

the nmount of nutrienrs accumulated in seabuckthorn plants made & great contribution to the total nutrient
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Table 1 Total element contents and exchageable nutrients in solls. The soils were sampled at the three soll depths of 0—
Scm. 5—~20cm and 20 ~ S0cm. pe. pz and px represent three experimenial stands composed of Populus < Xtaohei. Populus
< Zaolin0G and Populur - enramericane cv. "N3061° . respectively. S indlcates poplar mixed stands with seabuckthacn.
Thex values are the s, e. of the mean of three replicates

Depih Total conteni 1 %) Exchangeable (mg/i00g)

{eml N P k Ca Mg A P K

4~5 pets 03540, 0014 OouS3n Ol LAut 41 22T O TMRLU084 2.47H40046 0283w 0R3 121z
pe 0.04640. 008 O.0$1=0.000 T5640.05 L 451,32 0.BS§10.123 LA440-32 0.197—0.038 11.5+2.u
pets 0.074£0- 615 0. (030013 1491005 3 09x0.34 0.91840.0%% L$110.11 0 368=N. 108 16.3%2.4
pe 0.092+0.000 O.N87=M00Z L.660.06 2Al=062 0.73140.128 1.2240.92 0.229T0.072 BG4 ¥
pr—s 0.11740.-089 0.06%=0.009 2.2040.67 287134 050400054 110432
px 0.063=U.012 O.045T0.041 21040 32 LA1=0.23 0.25010.044 B.04+2.8

§~10 pets 0.039=0.017 01030017 2.0240.02 2124+0.32 0.7321£0.03 1.78=0.30 0. 177+0.016 7.34%.0
pe 0.014=0.000 00951003 [ 64+0.05 2.4610.37 0.77540.023 1.45T0.30 . (4610126 4 1-C-3 l:
prts 00430004 0. 0BHEO. 01 1.60=0-11 3.2540.44 0.38240.0B1 1654012 0. 170£0-037  BS=L.3
pr 00132 0016 R 00NEQ.GUs 1. 72— 2 Z20E0.56 0.633=0.085 1.31£0.83 U |46£0.903 3.8=1.3
pats 00554 0,02 noodhd0 00l 2.31—08R 20710.23 15S4EN 045 do4tid
px GO24E0. M7 00450008 228075 L61£0.32 02511034 4.310.3

20~50 pe—s GOISE0. 005 01110022 2.94=0.62 L& 44 0.60810.045 11310.05 0.269=0.096 2.810.§
pe 000040 UG DnG0 M 008 1.63Lt.ed 2. 4320.82 0.65610.162 U.7B+0.30 0.193=U.038 [.0%0.1
prts 0OI1R0-008 012320011 L A2:0 08 223027 0.B74R0.083 L 10£0.30 027D 04 4 THLE
pe L0100 012 00940005 L 7S4+0.34 L38=0.44 070340.11% 0.85=0.29 0.14140.153 4. 3418
pR-~s 10294 0. 020 0.MA$=U.00% | 0240, 25 0.77= 71 0.02940.008 3.1+£0.0
13 0.0L94H0- 40T 0.040= 0. 005 2.03+0.33 - 0.11=0.96 01320007 2 AzILB

standing crop of the stands, For example, Tahle 2 Effects of seabuckthorn on nutrient standing crops of stands
the N amount in seabuckthorn plant ac- ‘ka/hm’). pe. pz and px represent three experimental stands com-
counted for 31%, 56% and 22% of the 1o~ Pesed of Popalns - Xlaohel. Popufus X Zaolln 06 and Populas < en-
tal N amount of stands for treatment 1, 1 7@mericame ¢v. “N3061°. respectively. S indicates poplar mixed

. .V h .
and I, respectively (see table. 2). stands with seabuckihorn. Values are the means of three replicates

3.4 Nutriemt biclogical cycling Regard- Liems pets pe pzts pz pxts px
less of poplar variety or mixing pattern, N Poplar 206 2I5 1o Jos 159 79
the annual amounts of N, P, K, Ca and Seahuckthorn v o 126 ¢ H 0
M k " | - th Sum 298 215 228 125 203 79
t
g uptakes and returns were larger in the P Poplar 23 29 1% 23 20 12
mixed stands than in pure stands. For ex- Seabuckthorn 7 a 0 a 4 0
ample, the annual amount of N uptake was Sum 10 29 25 23 24 12 *
mcreased by 56%, 151% ., and 268%, re- K Poplar 208 262 12 151 I64 92
spectively, for treatment I, I and K, af- Seabuckthorn 39 0 53 0 19 ¢
Sum 247 262 173 15§ 183 52
) . . X -
ter poplar stands mixed with seabuck Ca Poplar 112 550 269 315 455  D8g
thorn. In the mixed stands, the relative Seghuckthorn 31 0 19 a 13
contributions of seabuckthorn to the total Sum 443 551 308 345 468 234
annual amount of above-ground N uptake Mg Foplar 71102 44 60 5% 43
accounted for 29%, 56%% and 23%. re- Seabuckthorn 9 Q 12 ¢ 4 1
Sum 30 102 56 &0 B3 43

spectively, for the treatment I, I and K,
and the relative contributions of seabuck-

thorn to the total annual amount of above-ground N return acecunted for 2825 . 553 and 20% . respective-
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ly, for treaument 1. | and X (Table 3).

Table 3 Effecis of seabuckthorn on nutrient blolegical cycling of poplar plantatlons (kg/hm‘-a). pe. pz and px repre-
sent three experimental stands composed of Populus < Xinohel, Populus v Zhaolin 06 and Populus - earomericane cv.
‘NMil’ . respectvely. S indicates poplar mixed stands with seabuckthorn. Values are the means of three replicates

Ttems pets pe pe+s pz px—+s px
™ uptake l1o2.1 63. 3 70.9 28. 3 64. 4 17-5
Tetention 14.3 9.6 12.1 5.4 7.3 1.5
return a7. 8 53.7 58. 8 23.3 a7.1 14.0
return/uptake C. 46 0. 85 0. 83 0. 82 . 89 0.74
P uptake 6. 18 5. 62 3. 86 3.27 3.01 1-248
retentan 2.93 36 2.17 2.08 1. 20 0. 63
return 325 2. 02 1. 6% 1.19 1. 81 0. B3
return; uptake G- 53 0. 34 0. 44 c. 36 0. 60 0. 51
K uptake 84.8 64. 1 18. 1 4.7 53.2 18-6
retention 236 20- 3 16. 5 11-0 &0 5.5
return 61. 2 43-8 31. 6 23.7 15. 2 13.-1
return/uptake 0. 72 0. 68 0. 66 0. 68 0. B3 0. 70
Ca uptake 136. 8 121.7 79. 3 73. 2 111- 6 16. 5
retention 4.7 44. 0 Z6. 2 21.2 22.5 i7.3
return 4.1 77.7 53-1 52.0 89. 1 6.1
return/uptake 0. 69 0. 64 G 67 0.71 0. 30 0. 63

Mg  uptake 31-5 25. 8 18. 4 11.7 21-8 8.2
retention 6.3 v-2 4. 2 3.3 2.8 33
return 25.2 18. 6 14. 2 8.1 15.0 1,7
return/uptake G. B0 0. 72 0. 77 Q.72 0. 87 0. 57

The annual amount of nutrient return by leaf litter fall comprised a relatively larger proportion of the
watal annual amount of nutrient uptake in the mixed stands than in the pure stands, and thus the ratios of
nutrient remirn o uptake were frequently higher in the mixed stands than in the pure stands. The increase
in the ratios of nutrient return to uptake was more pronounced for the mixed stand with the individual-
mixing pattern than for the mixed stand with the strip-mixing patrern.

4 Discussion

As known that seabuckthorn is a N-fixing plant with root nodules by which they fix N, from the air
into soils+ and consequently leads to an imcrease in availability of sajl N. Zhang ef af. - reparted thar the
activity of N-fixing enzyme in the root nodule was 36. 23~~470. 4 acerylene pmol. fresh mass™!. min. ~',
and the activity of N-fixing enzyme was higher in the Huvial plains than in the hill slope sites“-. In this
study, the substantial increases in total sail N and exchangeable N concentrations occurred in the mixed
stands. irrespective of poplar variety or mixing pattern, and this increase was accompanied by the concomi-
tant increase in the poplar leaf N concentrations. Because of a positive correlation berween photosynthesis
and nitrogen at eurrent ambient atmospheric CO, condition'’, the increase in leaf N concentration may be
due partially to the increased soil M availability after seabuckthorn introduction and this could provide a
sufficient available M in concert with the increasing demand of rapid tree growth. However, leal N concen-
trations from poplar trees in the treatment 1 were not stacistically significant different. thereby tree grawth
may not highly related to the leaf M concentrations in this case. due to the differences in tree growth rates
and the resultant dilution effects. This suggested that increased scil N availability may enhance tree
growth but leaf N concentration may not necessarily increase in compatible with growth enhancement. The

similar phenomena was hypothesized by Tschaplinski and Morby'®1. and Kimm ez af. ©J that leaf N concen-
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tration was a poor Indicator of response to N fertilizer or increased soil N availability, and therefore it was
not closely related to plant growth response. In addition. this phenomena also occurred in many impact ex-
periment studies that leaf N concentration has been decreased due 1o the dilution effects resulted from fo-
liar starch accumulation while rapid plant growth was frequently observed in response 1o elevated CU);-''-.

Positive effects nf seabuckthorn plants on poplar tree growth were observed during the study period
regardless of poplar variety or mixing pattern. Although the contribution of seabuckthorn 1o the total
biomass of the stands comprised relatively small proportions ¢12% . 23% and 9% for treatment 1. I and
¥ , respectively}.its contribution to the total nutrient pool size increased dramartically. For example. the
N standing crops of seabuckthorn were access to 308, 56% and 22% of the roral N pool size for treatment
I, I and ¥ .respectively. Similarly. they accupied relatively larger proportions of the total annual vascu-
lar biomass production (20% . 412 and 23% for treatment 1. I and K, respectively) and of 1otal annual
vascular N uptake.

The seabuckthorn played an important role in nutrient cycling through accelerated N recycling pro-
cesses and increased soil available N. The annual N uptake by seabuckthorn accounted for 2924, 56% and
23 of the roral annual N uptake for treatment I. 1 and X . respectively, as a resulr of higher N concen-
trations (n its vssues. In addition. the seabuckthorn returned 82 . 80% and 76% of s total annual N
uptake to forest floor for treatment 1. B and K . respectively. by its litter fall which is easily decomposed
by soil microbes with rapid biomass turnover and N recycling. Ar the same time. the seabuckthorn also
enhanced nutrient biological eycling of poplar trees by either the increased nutrient concentrations of poplar
leaf tissues or the increased annual amount of nutrient uptake and return. The increases in annuaal N up-
rake of poplar trees after mixed with seabuckthorn were t11% . 110% and 283% for treatment 1. B and
I . respectively. while the annual N returns were increased by 1143 . 113% and 352% for treatment 1.
I and X, respectively. As a resule. the total annual N uptake of the mixed stands were increased by
156%, £51% ., 368% for treatment I, T and K, respectively. In addition to the inereased annual nutrient
uptake. the annual nurrient returns of the mixed stands were also enhanced as the ratios of annual nutrient
return to uptake were higher in the muxed stands than in the controls. This implied that there was relative-
ly larger amount of nutrient elements invelving in nutrient recycling processes in the mixed stands thano in
the pure stands. Although poplar is referred as a deciduous tree that returns a large amount of lirter fall by
annual leaf senescence. the quality of its litrer fall was poor than that of seabuckthorn due to the relatively
lower nutrient concentrations of its lirter tissues in contrast to seabuckthorn. This was manifested in rreat-
ment I . especially for N, i.e. the annual N return by seabuckthorn litter fall was 123 % higher than that
by poplar lieter fall.

Compared with other forests. the amount of annual N uptake in the mixed poplar plantations ranged .
from 65 to 102 kg/hm’+a, which was less than 123 kg/hm®+a in oak forests reported by Duvigneaud and
DenaeverDeSmet[**1. 257. 7Tkg/hm®+& in tropical mountain rain forests reported by Zeng and Liu""l. bue
larger than 56kg/hm?-a in temperate larch plantation reported by Liu'"i, 41. 9kg/hm®+a in subtropical "
China fir plantarion reported by Feng et @f. "'**, and 38. 2kg/hm?+a in *~zrm-temperate Chinese pine planta-
tion reported by Nie et af. '], The significantly larger annual N uptake in mixed poplar stands than in the
pure poplar stands indicated that the annual N uptake was highly dependent on responses of ner producrivi-
ty of the stands 1o the increased soil N availability, i. e. the higher stand produetivity, the larger annual I
uptake. The increased annual N uptake was contributed 1o meet with the increasing N demand of higher
net productivity. Overall, seabuckthorn as a understory minor vegetation is particular significance in view

of the ecological role of N pump species in the nutnient-peor poplar plantationt’. especially under the
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drought condition resulted from dry subhumid climate. Even though seabuckthorn does not have an impor-
tant commercial value of timer production. 1t plays an indisputable rele in the contribution te efficiency of
energy {low. nutrient conservation and rapid nutrient recycling(especially M) 1n man-made polar plantation
due to its higher ratio of leaf to stem, relatively repid leaf turnover, and high tissue nutrient concentra-
tions. as well as its important funcrion of N-fixation,

In addition 10 effects of increasing putrient availability and recycling. seabuckthorn also plays an im-
portant role in protecting soil and water from erosion due to its thick canopy cover and wide-spread shallow
root system. The measurement made of rain fall interception rate was 40X, ~43%: . resulting in reduction
of run off by 80% and of sand and suspended matter by 75% . while leading to an increase in soil moisture
by 2.2% ~ &. 6%, The improved environmental conditions associated with rapid litter decomposition
and the increased nutrient availability were contributed to the enhanced growth of poplar plantations after
mixed with seabuckthorn.

Although the timber production was found be to relanvely lower in the sinip-mixing stands than in the
pure stands . the strip-mixing stands could maintain the long-term stability of a high soil N availability and
thereby achieve the long-rerm sustainahility of stand biomass producnion. This should be considered as a

{1521 Recent

sound silvicultural strategy in view of long-term inrerests, rather than shert term interests
survey made by Sun ez al. % indicated thar the reductions of stand growth in terms of mean height and
DBH were found by 24% and 11 % in the secondary generation of poplar pure plantation under the contin-
uous cropping in China, due to the associated decreases in soil available nutrient elements. especially .
This discovery and similar others™'-#**!supported the silvieultural strategy proposed by this study. and
the dense. pure poplar siands should be changed into the mixed plantations with an apprapriate N-fixing
species like seabuckthorn. A mixed poplar stand with seabuckthorn either in an individual-mixing pattern
or a strip-mixing pattern, both can cbrain a good balance between short-term economic mterest from timer
production and long-term site stability from maintenance of rational normal nutrient avalability and recy-
cling processes, and furthermeore ensure the resultant high level of sustainable plantation productivity. in
particular » under successive rotations with continugus cropping.
5 Concluslons

A growth response to the occurrence of seabuckthorn was found in poplar plantations under the nutri-
ent-deficient and seasonal droughr stress in the dry subhumid climate of China. The growth enhancement
of poplar trees mixed with seabuckthorn was largely attributed to the increased soil nutrient availability,
especially N. and the increased N availability was the result of one or meore of the followings: the increased
M inputs into the soil through N-fixation by root nodule. good-qualicy litter fall, rapid nurrient recycling.
or improved site environments. The enhanced growth was not consiscently correlated with foliar N concen-
tration. bur related 10 the increased annual amount of N upteke and acceleraved N recycling. Seabuckthorn
acts as a N pump and plays an important role in maintaining suificiently stable W availability in concerr
with rapid poplar growth. Seabuckthorn was characterized by its high ratio of leaf to stem, relatively rapid
leaf turnover. and high tissue nutrient concentrations. as well as its important function of N-fixation. The
tmportance of seabuckthorn in moedifying so1l chemical processes and elemental cycling would be signified in
view of long-term site productivity and sustainable productivity in poplar plantations. in particular, under
successive rotations with continuos eropping on the same sites.
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