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黄土丘陵区人工沙棘蒸腾作用研究
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摘要:通过对沙棘叶片的蒸脚速率、气孔导度友其相应环境因子的测定，探讨黄土斤陵区安塞人工沙棘林的水分生押生

态特征‘结果表明:沙棘蒸脚速率和气孔导度具明显的日变化，两者的变化趋势相似，5、7月份日变化曲线呈单峰?57,6,8,

9月份日变化曲线呈双峥型;在生长季“一，月份)中7月份蒸腾速率最大，5,9月份较小.5月份(0. 3900g/(g - h月仅为

/月份(0. 9350g/伙·h)〕的41. 93 X沙棘林在生长季的蒸腾耗水量为257. 56mm(占同期降雨量的63'/ )，与降雨量间

有极显著的相关关系。沙棘林的蒸脚耗水量在降雨量不同的月份有明显的差异，，月份〔降雨量为们.2mrxn〕的蒸腾耗水

量为7月份(降雨童为13。_lmm)的25.，%口黄土丘陵区安塞的环掩条件基本满足沙棘牛长的要求.沙棘可作为该区造休

恢复植被的先锋树种

关.词:沙棘;燕腾速率;气孔导度;水分生态
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water physiologically ecological characteristics of artificial Hippophae rhamnoides L

stand, it measured transpiration intensitya  ad lortatal conductance in leaf of Hippnphae rh,,--d,, L.

and environmental factors. which aimed at providing ,scientific basis for drought -forcstation. management

and comprehensive evaluation after forestation. Hippophae rhamnoides L. stand selected as sampling plots

was planted at Ansai station during 1993一1995. with a plant and row spacing of 1. 5m x 2m. In the

experiment, standard plants of Hippophae rhamnoides I

measurements were made by selected apricus. mature, and

were selected as measuring plant,  vita

sound leaves of middle part of standard plant

In May~September month of growth season of 1998, measurement was conducted to diurnal change of

transpiration intensity of Hippophae rhamnoides L..stoma taI conduct anre. intercellular CO. concentration

and environmental factors. Average value and standard deviation were made by statistical analysis of the

measured data.  'ho calculate water consumption through transpiration of Hippophae rhamnoides 1.

woodland, unit of transpiration rate was changed into gH,0/(g·h) in the light of the ratio of fresh weight

of leaves to leaf area.  Water consumption through transpiration of Hippophae rhamnoides L.  ma.

calculated by the following formula环’=E x b x h X 10-'. Regular observation was made to growth of

Hippophae rhamnoides L·soil moisture and precipitation of woodland. Computer then analyzed the data

    Results showed: (f] Transpiration intensity had obvious diurnal change. it had different change in

different month. Diurnal change of transpiration intensity assumed single-peak pattern in May and July.

peak-value appearing around 12h. Diurnal change of transpiration intensity assumed bimodal panera in
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Inn,Igh.
.八ugust and September. with the first peak value appearing at 10-.1211

I he appearance time and size of two-peak-value had difference to some

.and the

degret

second one

m differentat I4-month
According to the characteristics of transpiration intensity of Hippnphae rharnnoides L.，diurnal change of

-aspiration intensity assumed single-peak or bimodal pattern. transpiration intensity was usually more

stable.  Therefore. it could be understood that 14ippophae rhar;noid,s I.had certain adaptability io

drought environment. These belonged to the characteristics of transpiration of mesophyte.

    (2) Stomatal conductance of ffippophae rharnnoides[.had oh,io e, diurnal change. It had differently

diurnal change in different months.In June, August and September, with illumination gradually

enhancing. stoma expanded under the influence of light, stomatal conductance gradually increased. and

reaching its peak value around 911, with an average of 289. 02pmol/( m'·，)一.After that. vapor pressure

deficit between extra-foliage and intralobar part enlarged because the temperature went up, under the

condition of strong transpiration. the decrease of leaf water potential led to the decrease of stomata]

conductance. It resulted in the decrease of transpiration. which made water contents of mesuphyllous cell

of leaves of 76ppaphoe rharnnoides L. restated to certain degree in afternoon. It brought about the asi-er.r

of stomatal conductance. and thus the second peak-value of the day appeared around 151, with an average

of  109. OOpmof/(m=·s).  After this, with illumination decreasing, stomatal conductance gradually

decreased. In May and July. diurnal change of stomatal conductance of Hippnphae rharnnoides 1.. assumed

single-peak pattern. and reaching its peak-value around 911. Daily average of stomatal conductance of

月ppophar rhammiids L. was 159.00pmol/(m'·、)·with a total change range of 73.，一363. 9pmol/ (m=

·s). Appearance time and size of two-peak-value of Stomatal conductance in a day had close correlation

with weather factors of the day. endophytic water condition and intercellular CUt concentration.

    Transpiration intensity and stomatal conductance of Hippnphae rharnnoides L. had a .vin,ilar diurnal

change. which showed transpiration intensity always had positive correlation with stomatal conduct-.".

    (3) fn May~September of growth season. there was a higher transpiration intensity of Hippt，pha,

,h- oid, L. in June(〔)一67g八9·h)). July((}93g/(g·It)) and August (0.76g/(g·h)). hot a lower

one in May (0. 39g/(g·h)) and September (0. 41g/(g·h)). Transpiration intensity was the highest in

July. and lowest in May, transpiration intensity of the latter was just 41. 73% of the former. This was

because the low temperature and drought of May led to the close of stoma. and made stomatal conductance

come down, this might reduce water consumption through transpiration of Hippophae rhmmm+de.e I二

了his was the reflection of H+ppophae rhumnoide.s I.. adapting to environmental change

    【t1 Comparative analysis of water consumption through transpiration of every month of Hippophae

,h“，，2护之J子     d,, 1. stand with precipitation showed the following . In May and September with low temperature

and minor precipitation, water consumption through transpiration of Hippophae rhamnnide 1.. stand were

oh.iously smaller than that of June. Judy and August with abundance of precipitation and Itgh

temperature. The total water consumption through transpiration in June, July and August was ;98

12mm. but 59. 44mm in May and September, the latter being just 30。。%of the former. To Mav一

September of growth season. water consumption through transpiration of llippuphue rha-o,des 1.stand

wasZ乃了.     56mm. which accounted for 63兀of precipitation during the same period, which was 110. CBmm.

Mulu.er-e regression analysis showed eater consumption though transpiration had 'loser positive

correlation with precipitation. equation being:W   45-9741.n(P)一141. 88. Hippophae rhunrnoid,]t

"a. mesophyte. in the course of long-term evolution it formed water ecological characteristics adapting

itself to the habit of semiarid loess hilly region, and widely distributed in this region. However. measured

results of many years at Ansal. Guyuan and Wugi showed lippophae rharnnordes L.  had certain
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requirement of water conditions. Drought-year ought bring about certain water force to the growth of

Hlppnphae rhamnoides L..But, generally speaking. growth performance of Hlppnphae rhann;<udP} L.

was good in this region. and could crown closer after」一sycare.  The n,am reason is Hlppnphae

rhmsaoid,, L. had the charameristics of developmental root .system. stronger capacity of N -fitting and fast

growing at poor soil. as well a, the abundance of illumination and heat in this region. These indicated

cnuroronental condition of this region could primarily meet the need of growth of 14,ppophae rhmnnmde_s

1.一Therefore Hlppnphae rhamnoides 1.. could be selected as pioneer for the re,toratiou vegetation and

soil and water conservation of this region.

Key words;Hippophae rhamnoidea 1.;transpiration intensity; siomatal conductance :water ecology
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      植物对环境的适应取决于环境水分供应状况。植物本身对水分的需要与其在环境的水分条件经常处

于矛盾之中.植物在其生长发育的过程中 经常遇到水分不足或过多的情况:!〕树木对水分的需要及其对

水分条件的要求和适应，是植物水分的重要特征-1

    在半T早黄十丘陵区，水分是限制植物生长的主要因子。沙棘(月ppophae rh-朋de, 1..)在该地区造
林成果显不其适应性强 生长迅速、具较高的“牛态、经济和社会效益”很快成为我国西北、华北、方北、西

南地区的主要造林树种之一3一’:。但目前在该地区营造沙棘林，仍存在育苗成活率低、保存率低、成林后的

沙棘林牛产力较低等问题1‘’为探讨沙棘对该地区水分条件的适应状况作者分析了黄土丘陵区安塞沙棘

人工林在自然环填下的水分关系特性，为沙棘的抗旱造林、造林后经营管理和综合评价提供依据

I 自然概况与研究方法

1. 1 自然概况 沙棘林位于中国科学院安塞水土保待综合试验站，该站位于陕西省安塞县.约东经 1090

19'.北纬36051'。居黄土高原腹地.属典型的梁如状f;.陵沟壑区。沟壑密度4. 2-8. 0k. / km'，土壤侵蚀模

数平均1350ot/(km2 " a),海拔1010--1131- 暖温带半干旱气候.年平均降雨量535mm，降雨量年际差异

较大 年内分布不均 有明显的干湿季 年均温x. 8 ，极端最低气温为一23.6 c.少10(积温3113. 9 ，平

均无藉期1604 热量资fir.丰富 口照充足，年O. fm射量为132kJ/cm'，植被属森林草原区 土壤类型为黄绵

土

1.2 材料与方法 选择安塞站1993,1995年栽植的沙棘林作为野外观测样地.造林株行距为1. 5m X ?m .

沙棘造林后生长迅速、4-5。即可郁闭.形成林茂草丰的灌木草本群落，至1998年林木平均树高2. 2n,.冠

幅1. 8-平均地径4- 小乔木平均胸径2. 8- 根据前人的研究，认为取植株中部叶片测定水分生理指标

具有较好的稳定性井接近全株水平，一选择沙棘标准木作为测定样株.选取样株中部向阳面成熟健壮叶片

进行连体测定 在1998年生长季的5-9月份.撼月测定其蒸腾速率、气孔导度、胞间(:():浓度及环境因子

的日进程，每天从6:00至18:00，每隔1h侧定 I次，每次测3个重复 每月分别在上、中、下旬各测 1-2d,

对测定数据进行数理统计，取平均值及标准差 定期对沙棘的生长发育、林地上壤水分及降雨量进行观测.

用计算机对所测数据进行处理分析。

    测定仪器:用美国产的CI-NIPS &9.光合仪测定叶片的蒸腾速率、气孔导度、胞间CO,浓度、气温、大气

相对湿度和光合有效辐射 激光叶面积仪测定叶面积，德国产的Sartorius电子天平测定叶鲜重。最后将根

据叶片鲜重与叶面积比.将测得的蒸腾速率转换成以gH,O/(g " h)为单位，用于计算林地的蒸腾耗水量

2 结果与讨论

2. 1 沙棘蒸腾速率的N变化 气温、相对湿度及光合有效辐射li变化见图I。图2表明沙棘蒸腾速率具明

显的日变化.在不同月份蒸腾速率口进程有不同的变化 在5,1月份，沙棘蒸腾速率的日变化呈单昨10.清

晨6:00̂ 7:00蒸腾小，均值为。.30608/(8 " h),随光照增强，气孔导度增大，这样增大了叶内外的水汽

版差.蒸腾速率不断提高，在12:00左右达峰值 午后.较强蒸腾使气孔导度减小，蒸腾下降，且随光照减

弱，蒸腾减弱;在6,8,9月份，沙棘蒸腾速率的日变化曲线呈双峰型 上午10:00--12:00出现第1次峰值，
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下乍14:00--16:0。出现第2次峰值，两次峰值出现的时间和大小在不同月份有 一定差异
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                          图I 气温(a)、相对湿度(b)光合有效辐射(曰的日变化
Fig. 1  U- M -nation of - peratu- (a). mauve h- dity (h) and photosy,nh-e -iv, *zd,auon (,)了:温度
Temp-,-:R 月:相对温度 Relat,ve hun,idity:PAR光合有效辐射Photo}ynthrtic aaivr .ad,ouou

                      6:1999 05:":1998-06:":1998-01;(_):1998-08:x:1998。，

    沙棘蒸腾速率的日变化节律与测定时生态环境中的气温、相对湿度、光合有效辐射、风速及天气状况

等因素密切相关 从沙棘蒸腾的特点看 其日进程为单峰或双峰曲线.熬腾速率 般较平稳。可以看出沙棘

对+旱环境有一定的适应能力。这些属中生植物蒸腾的特点_
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          图2 沙棘蒸腾强度口变化

Fig. 2  Diur -1 chaogea of tra-p-rion i--uy
        of H:ppoph- rhii,- d,,‘
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          图3 沙棘气孔导度日变化
Fig.'s           Di-nal changes of叹 lo-- Iconduet‘In叮e            -If

            Hipp叻h., }l,,- id,,L.
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22 沙棘气孔导度的日变化 图3表明沙棘气孔导度具明显的日变化 在不同月份中、气孔导度呈不同

的日变化;在6,8,9月份 从清晨起随着光照的不断增强，气孔受光线的影响而张开，气孔导度不断增大，

在9:00达第1峰值〔均值为289. 02pmol八m}/s)).此后因气渴升高增大了叶内外水汽压梯度 强烈蒸腾

下叶水势降低引起气孔导度减小.蒸腾因之减弱，蒸腾的下降使沙棘叶片叶肉细胞的含水量在午后得到

一定程度的恢复，从而带来气孔导度的回升，并在15:00左右出现一天中的第2次峰值(均值为109.

OOPmol/ (m̀  - s) )。以后随光照减弱，气孔导度不断减小，在5,7月份，沙棘气孔导度日变化呈单峰型·在

9:00左右达峰值沙棘气孔导度日均值为Ing.O0pmol/(m̀  " s),总变幅为73.9-363.9pmol/(rn= " s〕一
天两次峰值出现的时间及大小与当天的气候因子、植物休内的水分状况及细胞间CO 浓度等有密切关系。

通过多元回归分析表明:沙棘气孔导度与细胞间CO:浓度间有卜分显著的相关关系，回归方程为 G.,·

116. 71n(C)一1960.2    (R̀ 一0. 9849. n=60)

    式中、Gs气孔导度(Simol ((m}·s)).C.:细胞间CO,浓度钵moVmoU.R'复相关系数n样本数

    沙棘蒸腾速率与气孔导度的日变化趋势相似，表明蒸腾作用总是与气孔导度呈正相关 低温与于旱是

造成5、9月份气孔导度和蒸腾速率降低的主要原因

2.3 沙棘蒸腾速率的季节变化 蒸腾速率及相应的环境因子在生民季5--9月份的变化见表1
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Table 7

            襄 1 沙棘燕肠速率的月变化

Monthly variation诚transpiration rate of对ipp-P加e rhamnoides L

月 Monrh

  蒸腾速率扮enspanuo门rate恢厂馆·h L)
          气沮T。mher. ‘〔〕

      相对6度xel,-e h,- d- (%)
                光合有效辐射

Fh.,0，乍 -hen, actlve    redier,on (pmol/(m"‘，))
      {璐含水喊Sod molmuro- oomem (%、

0_19 0.67 ll.93 0. 76 n. 11

;:.: :;.; {;_: ::.; ::_:
3zs.2 521日

6.52 7:: 4:.::， 10. 85 “4一:2

    表1表明，在6.7.8月份蒸腾速率较高‘在5,9月份较低.7月份的蒸腾速率最高，而5月份最低，仅为

7月的41.73j.这是1u于5月份低温、‘F旱造成气孔关闭。从而降低气孔导度，减少沙棘燕腾消耗的水分

是沙棘适应环境变化的一种表现

2.4 沙棘林蒸腾耗水w的季节变化 植物通过根系吸收的水分大部分被蒸腾作用所消耗，仅有极少量水

分直接用于植物自身的生长发育[s]因此植物的蒸腾耗水量基本上可以反映出植物从土壤中吸收的水量.

它是蒸腾速率、叶量和蒸腾时间的函数，沙棘蒸腾耗水量的计算公式为自’」

                                              W一Ex6次h又to

                                    表2 沙棘林燕腾耗水t的月变化

                    Table 2   Monthly variation of water consumption through transpiration of

                                      Hippophae rhamnoides L. plantations

月Month

          蒸腾耗水量(mm)
Water consumption山-ugh ta  nsp"an-n

      降雨量Ytmctpitati-n (mm)

3R 21

7        8 9

  9fi        49_79 Z1 23

53 了

66.87        81

116.1        13a 67_1 13 2
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式中，W'为蒸腾耗水量(.,n ). E为蒸腾速率〔9/(9·

h)J,h为蒸腾时数(各月的h有差异，为便于比较、本文

以年口平均12h计).b为鲜。}生物量(kg/m') 银据

1998年秋的每木检尺和伐倒样木的测定资料，计算出

沙棘林鲜叶生物量为0.265kg/m'.依此估算各月的蒸

腾耗水量 从气象观测资料统计出同期的降水量，对两

者进行比较分析.从表2可以看出 在低温 少雨的5,9

月份，沙棘林的蒸腾耗水量明$.小于雨量充沛、高温的

G--8月份.6- 8月份的蒸腾量达198. 12mm . 5, 9月份

的蒸腾耗水量为59. 44mnt仅为6,7,8月的30, DO X .

沙棘林在牛长季5-9月份的蒸腾耗水量为 257.

5timm·此期降水量为410. 02mtn蒸腾耗水占同期降

雨w的63%。为进一步探讨沙棘林蒸腾耗水Cj与降水

      图今 沙棘林蒸拼耗水量与降雨龟的关东

Fig. 4  ReLat几o n 6etwccn   water con  eamptl-- the-ugh
tren=piranon n1 He户户ophae rhanutoid- L.  pl:---n

.,ntl prrnpttaii-n

量的关系，将表3的结果与同期在吴旗、固原测定的数值绘成散点图(图魂)，并根据变化趋势拟合出(m者的

回归方程为:

                            W= 45.9741n(P)一141.88  (k0= 0.9087- -15)

    式中，P为降水最(mm )结果表明两者呈较密切的正相关关系。1981-1989年间测定了吴旗，固原两

地的沙棘林的水分消耗情况 其中固原沙棘林年平均蒸腾量?61. 56-m.降水量为354. 11- 其中蒸腾耗

水量占降水量的?3.8-1 1,杨新民川3等1988年对沙棘、拧条的对比测定表明，沙棘5-9的蒸腾耗水量为

264. 88mn, .占同期降水量的76. 1环.水分的相对利用率较高 而拧条的蒸腾耗水量为121. 33mm.占同期
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一介一介一一一降水量的40.1X,，水分的相对利用率较沙棘低。余清珠[’3等测定表明 198，年6-10月份紫德愧、刺愧、河

北杨的蒸腾耗水量分别为71. 2u-, 138. 3.n和41. lmm.占间期降水量的18.9戏,36.80/和10. 9环，而沙

棘同期的燕腾耗水量为226.m，占降水量的71. 7场，水分的相对利用率较高。气孔的蒸腾作用促使报从土

壤中吸水和营养物，是森林植物营养吸收的主要因素.树术蒸腾作用的强弱会直接影响到干物质的积累;

刘增文等:’‘测定渭北旱原油松人工林蒸腾耗水最与光合产量时 发现两者具有相似的变动趋势，认为蒸腾

作用与光合产量有较大的相关 余健善等‘’、」测定泡桐的光合产钻和蒸腾强度时同样发现两者具有相似的

变动趋势，认为蒸腾作用与光合产量有较大的和关 沙棘有较高的蒸腾耗水量，同时也具有较高的光台产

量’，，与上述观点相一致。抄棘为中生植物，后在长期的进化过程中形成适应半于旱黄土丘陵区生境的水

分生态学特性，并在该地区厂为分布.但多年在吴旗.团原、安塞的侧定结果表明，沙棘对水分条件有一定

要求，干早年份对沙棘的生长造成 一定的水分胁迫，但总的看来 山于沙棘具有发达根系和很强的固氮能

力，能在贫膺土壤上速生快长的特点;加上该地区的光照、热量丰富.沙棘在该地区长势良好.能在1一Sa

内郁闭成林，说明该地区的环境条件基本满足沙棘生长的要求.因此，沙棘可作为该地区造林恢复植被、保

持水土的先铮树种。

3 结论

3, 1 沙棘蒸腾速率和气孔导度具有明显的口变化 且两者的变化趋势相似。经过5个不同月份的比较.表

明在5,7月份日变化呈单峰型曲线.6.8,9月份日变化呈双峰M曲线;蒸腾速率在7月份最高‘日变幅最

大，5,9月份较低

3.2 沙棘蒸腾速率季节变化明显，6,7,8月份较高.5,9月份较低，其巾7月份最高.5月份最低 仅占7月

份的们.93%

3.3 沙棘林的蒸腾耗水量在生长季的干早月份明显低于降水充沛的月份，9月份占了月份的25.9少;生

长季的蒸腾量达257. S6- ，占降水量的63% 说明沙棘对水分有一定要求，只有在一定水分、光照、热量

充足的环境下才能健康生长，黄土丘陵区安塞的环境条件基本满足沙棘生长的要求 结合其良好的生氏状

况.表明沙棘可作为该地区造林绿化的先锋树种
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